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AMERICAN SOCIETY OF CIVIL ENGINEERS 


GENERAL CON TRACT SYSTEM VERSUS SEGREG. ATED © 


Warp P. Curistiz,* Assoc. M. Am Soo. C. E. 

By laboring constantly for greater economy of design, the Civil Engineer-_ . 


ing has an amazing fund of technical ‘This 


way for criticism, as s well a as s for commendation. ol? “fies: 
The thought has been expressed mo: more or less the Civil 
Engineering Profession in general is too thoroughly engaged in its technical — 
‘pursuits school itself in other necessary learning. The inference is, that 
the engineer usually does not become acquainted with those elementary | prin- 
prety of business, | which any man should know, whose life work is is concerned i 
with: construction. Iti is ‘not presumed, of course, that the professional 
should ar array himself with a business education, but rather that he should 
have a better ‘understanding of the fundamentals: of business ‘management and 
the competitive forces with which he deals. gn 
oot has been stated, whether properly sc so or not, that many economies —_ 
through increased technical knowledge are lost by unsound practice followed 
in the actual administration of construction. Some grounds for such a 1a stat 


ment seem to have been evidenced by the many conferences of construction. 


Yor example, ¢ certain customs used ii in awarding er administering an! 


are evidently sound and economical, while others are. inherently wasteful. Tt » 
>. 


is now recognized that not only the amount of a bid, but even the actual cost 


ec construction may be influenced greatly by general and 


auses of a contract. In fact, many factors 
Project transcend entirely the field of desig 


Nore. —This paper is issued before the date set for presentation and discussion. 
Spondence is invited and may be sent . by mail to the Secretary. Discussion nm on the pape 


Engr. , The Associated General Contractors of America, Washington, D. C. 


-- 


— 

| 
1 

— 
a 
Well-deserved commendation has come to the profession. However, it is pos- 
4 
— 
4 
ancy q 


= al er of these factors, which is the subject of this paper, seems particularly that 
important. Iti is the relationship that should exist between the various respon- accor 
sibilities of construction and the control of operations. In private corporate this | 
enterprise, this is ‘well’ established, such 
speci 
therr 
in use. of a better name they ar are designated as s the dain 
Each of tl of these two systems has its proponents and opponents among the = othe 
business agencies of construction, and the engineer or architect should be on and 
. his. guard to discern the motives of the individual or business group. | “Much time 
ha been written concerning them, ‘wal considerable | has been enacted into. hens’ 
2 des of practice or or law, but through it all apparently 1 runs a ‘forgetfulness of sy ll 
contractor capable of financing and managing a project in its “but. 1 
entirety prefers the general contract, because creates a demand for his -secti 
specific service. sub-contractor may prefer the segregated contract because “nific 
it enables him to deal directly with an owner, thus escaping z certain abuses wher 


can be practiced by an unscrupulous general | contractor. Some archi-_ 
tects or engineers may believe that their conceptions are carried out more 

- satisfactorily by segregation, whereas others s unquestionably lean toward it to 
4 escape the backfire of inadequate plans and specifications. bere) 
hes It is apparent tl that either the general contract: or the segregated “contract 


“possible, it pac that his and ‘not t those any” 
individual , profession, or business” group, should be the -eriterion for 
ment. Using that conception | as a premise, , therefore, the following analysis 
of the basic features of the two systems is. offered, with the hope that the 
conclusions drawn may at least stimulate collective thought. 
of the points discussed pertain more directly to building work than 
to general engineering construction, but from them the « engineer can readily 
draw proper analogies for his own field of “operation. The subject is 


q Function of a General Contractor, minty 129.9 we 
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agreement entered into by an owner and a single construction agency 
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— that: agency agrees to ‘deliver to the owner a structure fully completed in 


"accordance with the plans and specifications of the designer. It places 1 upon 
this single agency, known as a general contractor, the task of supplying by 
such agencies as he may select, all construction equipment, ‘materials, labor, 


"special services, and appliances necessary to complete the project; and, fur- 
thermore, obligates this agency to protect the owner against loss from suits, 


outstanding characteristic of the contract in comparison with 
pa types is centralized responsibility f for financing, for general management, 
and for detailed timing of installations whereby the cost of the work and the 


time of completion may be controlled according to some e rational and compre- 


_ Engineering Construction. —The general contract in engineering construc-— 


ae establishes duties and responsibilities ‘similar to those in building work, 
but may cover either an entire project, or merely one of a number of similar 

“sections into which the work is divided by reason of its magnitude. The sig- 


ax 
feature of the general contract in engineering. ‘construction, as -else- 
where, is that it places under a centralized management and co- ordinating ee 
control those operations which depend upon each other or interlock in time | 


_ Obviously, s some engineering projects | have natural segregations of work — 


entirely independent of each other, with respect to interlocking, “which. makes 
them suitable for separate contracts. . Such projects are, of course, excluded 

from this analysis, as they do not conflict with the principles herein stated © 4 


ith respect to inter ocking wor iw 


The term, segregated contracts, is the ‘system of 
: whereby | an owner enters | directly into agreement \ with a number of indepen- a 
contractors for the construction of the component parts ‘a project. 
Under this ‘system no contractual relation exists between n the independent 


sc and, generally speaking, each 1 is an agent of the owner. The func- a 


tion of co- -ordinating their operations, or, in other words, the general manage- 
4 tri Fey . 
men 
t of the project, is performed by an. agent of the owner. 


In comparatively few cases of building work is the coniplete 
of contracts ‘earried out, as it is generally recognized ‘that: there must be § some a 


of central management by an agency that is financially responsible. 


Certain parts are | awarded to concerns that usually operate as sub- -contractors, ae 


and the remaining major portions are awarded to some principal contractor. aS 

partial segregation, however, is subject” to the same ‘reasoning as” the 


complete process, because the difference i is only a matter of degree. 
When properly functioning, the general contractor finances the work dur- 


‘wer 
ing construction, performs certain parts of the work himself, ‘and co-ordinates ee 


» operations of all agencies engaged on the project, 80 that it may be con- 
al 
‘Structed properly as a whole. A Also, he assumes certain risks, peculiar to. a 
business based on ‘selling futures, and certain others, also, which arise merely 


h presence of a number of different contractors ting on the same 
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of the most hazardous ‘kind, for which no commercial company would attempt 
the underwriting. As an owner cannot obtain commercial insurance against 25 
- them, they are pooled and assumed in the service of the general contractor. rhe 


Among the contingencies against which he protects owner are: (a) 


ae? 
creased cost of construction; delay in completion (c) injury to work 


‘men and the public; -(d) patent infringement; (e) injury ‘to adjacent p prop- _ Perk 
erty; (f) damage from the elements; (g) imperfect material and workman- conting 
of _ ship ; (h) liens and the abuse of lien laws; (i) default on ‘subordinate con- | theless 


tracts; (j) unknown underground conditions ; (k) demands for extortionate J cannot 


“wages ; ro) fire and theft; and (m) ) labor, 1 material, and transportation shortage. B be diffe 
Contrary to popular conception, the principal function of the general ¢ con- not onl 


| 
-_tralized management ‘for co- -ordinating all the various trades, timing their is isa 


if 
installations, and synchronizing their w ‘ork according to some predetermined no long 
plan. In other words, the essence of general contracting lies, not in the broking The 


= is not to erect steel, brick, « or concrete, but to provide skillful cen- § assumes 


4 te sub- contracts or the furnishing of labor, materials, and equipment, but in many ( 
Zz the highly specialized function of management, the success of which depends ‘contrac 

on the > personal skill and direction of capable executives, Nabe “— interfe 


wid Due to the great n number of different: trades entering into construction, upon t 


B, particularly building work, all of which must be co-ordinated with the n main aad 
& skeleton and principal elements, those portions are usually per- out of 
formed by the general contractor’s own forces. “Fo carry out his commitment other 1 
with” certainty, he must have actual physical control of these parts. “Mere” ference 


- legal or contractual control without physical facilities for performing almost the fili 


any part of the work does not assure completion within the time or at the | ee 


The mere broker of contracts” cannot successfully perform the service of 


no fin: 
a genuine general contractor. It one branch of f the work falls down, he cannot ee om 
perform it himself, but must ult a new agency to perform it, which, ‘at best, Toe 
‘means serious delay. The same ,is true_ of engineers and architects, even if 


“4 they have the experience and ability to manage a project . Ins some instances, 
engineers or architects have successfully performed this. ‘management 
tion, although they have done SO, , not by reason of their technical skill and 


training, but i in of it. were good ec construction executives, as V well 


busine 


bs at a specified amount. iit either cost or time should over-r -run, it is the con- 


tractor’ s and not the owner’s loss. This is: not the case under segregated | con 


tracts wherein the designer performs the general management of the work. 


we 


He does not presume to guarantee the cost or. pay ‘the penalty for delay, and, j 


‘Financia IBILITY in the 

The > gen ral contract holda:o one single agency, a contractor, fi finan wa 
cially responsible for the completion of project within a given time and 
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of course, should not be expected to do so, as his services are supposed | to be 


professional. an engineer | or architect awards interlocking portions of 


Ba project to several | contractors and himself performs the managerial duties 

necessary to co- -ordinate their work, he is not exercising professional duties, but 

rhaps| the ‘designer himself not always perceived or understood the 
contingencies and liabilities which a segregated job places on an owner; never- 
; theless ‘they are there, ‘economically, ethically, and legally, » and the owner > 


cannot escape them. : the designer assumed these liabilities, the case would a 
be different. He would then be acting as a a broker, whose profit is justified, 
- “rot only by the service ‘performed, but by t the risk of business which he has ae 
-& “assumed. In that event he ‘might well ‘repaint his shingle to signify that he 


iT is a “Contracting Engineer” ’, or a. “Construction | Contract Broker” ’, for he ‘is 


The liabilities here mentioned 2 are not theoretical or imaginary, and, 

many ‘eases, have ultimately cost the owner enormous sums. Independent 


contractors operating each according to his own convenience cannot avoid " 
% interference with one another. The work of each depends to a great extent 


n, upon the performance of another, and friction between the different super- 
intendents i is almost inevitable. Issues arise over the use of hoists, the laying 


‘out of conduits, storage of ‘materials, the installation of safety ‘devices, and 
at other matters. Such conditions result in confusion on the job, mutual inter- _ 


re | ference among the independent contractors, ‘injection of extra ‘expense, 
st the filing of perfectly legitimate claims against each other or the « ow ner. ~The 


owner ‘generally cannot escape payment of such ‘claims against him, because 


his o own representatives are named as being responsible, and because there is 

no financially 1 responsible agency himself and the independent con- 

ros = From the owner’ 's viewpoint, however, the broker i is aS “safer bet” than the 

professional engineer or architect; for he guarantees the price, usually has 

experience, and, in the last analysis, mt must pay the cost of his own 

mistakes. ‘the: designer splits up the ‘work among. a group | of i nde-- 


pendent « satiate: he is acting as a broker with all a broker’s financial wife. 
‘guards and guaranties removed, This aspect of segregated contracts, although 


apparently not. ‘recognized by some professional men who have favored them 


on occasion, is a most | vital consideration with respect to the interest of a 


the professional man desires to engage in business, he course 
a perfect right 1 to do so, and doubtless : should do so if his” capabilities lie in 
in that direction ; but to exercise the business function : involved i in segregated 


“contracts, and to let an. owner proceed in such cases without informing him 


liabilities, does not have the earmarks of fair play. 
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To a certain extent each contractor holding an independent contrac with 
is his agent. Consequently, if one interferes with another’s opera- i 


NERAL SEGREGATED CON 


tractors, such an agreement ma may ‘aot insure » the ‘Oblige 


; tions | and ‘responsibilities devolving upon each « of the several contractors one & 
specific project, are difficult to determine, and the offending contractor can 
usually manage to shift the responsibility for injury to the owner ’3 own rep- 
katate.” ‘Moreover, the true obligations and equities of the » various agen- 
cies of construction are so confused in the minds of American Courts, that 
there is little hope of pinning liability where it belongs. _ This condition i is 
= in part by the steady trend of construction toward the settlement 
of disputes by arbitrators familiar with the industry. 

ot i addition to damage suits, there is also the question of criminal liability 

in event of accident or disaster. Rarely, if ever, , has a Criminal Court in the 
United States convicted a contractor, designer, or owner, whose criminal neg- 

_ ligence or. wilfully dishonest a actions have resulted in death to third parties. 
segregated | contracts, lack of clearly « defined responsibility between 

the designing and construction agencies, and 1 failure to pin _ these responsi- 

a bilities where they belong, have made it nearly impossible to convict a guilty 
party. The injurious: effect. of such condition upon the integrity of the 


7 fe If an owner is sued when segregated contracts are used, he i is very likely 


nM to be doubtful whether he should stand suit with the offending contractor, 


a or join’ with the plaintiff against him. A properly drawn general contract, 
- - however, centralizes all responsibility in a single agency whose obligations 
B. are relatively clear. ‘That agen agency can be reached at law and held responsible 


by | an owner should ‘the performance be upset by ignorance, negligence, or 
‘dishonesty of ‘any agency on the work. _In other words, the mere “splitting 
up of interlocking work among a group of independent contractors, under the 
supervision 0 of the owner's: own representative, may place him i in an extremely 


ms 


Completion: of. a construction project within the time set is nearly always 


a nt important consideration to the « ow mer, and, in many cases, is a vital one. 


Owners are not particularly interested in collecting penalties, but in obtain- 
ing their projects when expected. If the various operations are not “time 

: schedules’ >in advance and constantly synchronized on the job, ‘delay is inevi- 


other factors being ‘equal, it ‘seems almost axiomatic that responsi: 


"money is “at stake, wi vill insure timely completion more certainly than when 


taking « over some backward portion, the latter is practically helpless to ‘con 


The points here ‘mentioned ai are generally recognized by engineers and 
architects, but there is another point that ‘commonly overlook 


bility and control when vested in a qualified general contractor, ‘whose own 


trained for ‘the and without equipment or other: facilities for actually 
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ith suamely, delays which constantly mer menace construction operations in and around | 


‘cities by reason of difficulties with labor. ‘The. -complications of union and 


he 
union labor, as‘ as open and closed shop conditions, may readily 
Ts 


paralyze the contract No. one cause more fruitful of delay 


localities are on same project. Instances are not uncommon of” 


a project having been delayed for weeks, because. one of the independent ; con- 
pe 

tractors on an open shop job i is ; obliged to ‘employ only union labor. This « con-— 


a Ramifications- of labor ‘problems not confined to single ‘companies, 
single c communities, or single crafts. A strike on one job may be called for 


—- causes arising on some job in a distant part of the country. ~The labor prob- 
lity lems of construction, like mechanical installations, require special skill and 
the experience. . They require proper contact between the employer ers in the» various 


trades, functioning of their trade associations, , conferences with labor repre- - 
sentatives, sometimes an “organized resistance, and, in fact, continuous 
working together of all elements aside from their contact 0 on the work. id u — 


the 
stor, 
nact “adoption by citing specific cases wherein the total of ‘separate proposals on 


a construction project was less than the proposal for a general contract. © - This, 
they claim, demonstrates: the economy of the system, but, at the ‘same. time, 
they fail to state > that there are far more eases: wherein the general contract - 
bid is lowest. - Also, there is another angle to proposal ‘prices, which over- 


ting 
the shadows initial comparison, as follows Assuming for the sake of analysis 
mely that plans and specifications are correct and complete, then, under : a "general 


a contract, the contract p price | is all that the owner is required to pay; but when 
several independént contractors are engaged on interlocking work under the 
oe. direction of an architect or an engineer, the sum mof their prices rarely, if ever, 
ways constitutes the total cost to the owner. _ ‘The extra expenses, as already sug- 


“one gested, arise from delays, interference, misplaced work, and lack of if a E 
tain- tion between the independent contractors. Under a. general contract 
time- OVer-run, if present, is absorbed by the contractor. Under segregated 
addition to the concealed expense jobs, there i is also to be 
yonsi- | considered their effect 1 upon competition. In receiving proposals’ for a general ; - 
| own contract the owner obtains a double competition : First, the competition of _ 
when sub- contractors ‘dealing with general contractors ; and, competition 

ation between g general cor contractors. Frequently, it occurs that the general contractor, 

tually considering a a proposal for ‘some part of the work too high, substitutes his a 


own and brings the ‘cost of the work within them. Tti is commonly 
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‘ilty J struction business in many localities, and the professional man is not ina $j os A 
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sible a 
>, oF 
864.5 
and an owner dealing directly. He has his regular contacts with sub-contractors 


who wish t to oie al with him i in the future, whereas the owners may never weil 


great many of the most experienced general contractors do dently 
projects: likely to be segregated, because they feel that efficient performance contrat 
of their work in such event is practically. impossible. The e award of a ‘single Un 


_ integral part to some non-co-operative individual, disrupts and increases the Hq satis 


cost of their work. _ Thus, the’ owner loses valuable competition which would fi 
“often, bring in more satisfactory proposals. 34 doi neds meqo. 
members of the mechanical trades in n seeking establish segre- ‘value 
gated contracts have represented ‘that general contractors add a ‘margin to 
~ 4 3 
sub- bids, for which no ‘service is given, and that this 1 margin—called 


never 
profit— —can be saved by dealing directly 1 with sub-contractors. Some owners 


may not detect the fallacy of the statement, but the analytical mind | of a pro- 
fessional man should « expose Entirely aside. from. the. management service 
of the general contractor, there are ‘many other expenses | on work 
4a this so-called 1 profit must defray. by: 
Inguiry among representative construction companies shows that the 
oe added to sub-contracts is about 5 per cent. This amount, although 
in some cases it may contain an element t of profit, is in reality a service 
charge, to compensate for such items as superintendent, “night watchman, 
= storage space, protection from weather, temporary y heating , safety 
_ work , and other overhead | expenses W. which | are not included in 1 the s sub-con- 
- tractor’s s bid. When it is recalled that the architect in n private. practice » charges 
7 about 3 or 4% for handling sub-contracts direct, yet provides none of these 
% things e except superintendence, ii it is obvious that the 5% contains: no great 
Under partial segregation, the principal contractor knows that he will 
required to furnish these items and, therefore, includes: them in his 
io hen { the designer adds to this his 3 or 4% for + supervising sep- a) 
arate. work, the owner pays almost a double charge for general supervision. 
All the independent contractors, if they had ‘previous experience with 
segregated contracts, are very likely to include some allowance for the contin- 
: _Gencies of a poorly. co-ordinated job. Income tax reports show that the av erage 
net profits in contracting have been less than 2%, and that “approximately 
20% of the e companies made n no profit in 1924; ; therefore, there ‘is ‘evidently 
some room for doubt about the saving of this profit under | separate contracts. 
_ The subject of cost, under the t two systems may be e analyzed and debated 
endlessly, ‘because opportunity is never afforded a true comparison on 
identical projects under identical conditions. — ‘If, however, experience in other 
£5 lines of business counts for anything, and if the common axiomatic principles: 
hy of business ‘management t and economics sinks founded on fact, segregated con- 
tracts cannot avoid certain inherent ineficiencies and: expenses which 
eliminated by the general contract system. 


Workmanship and materials under the general contract system 1 receive 
- double ins ection ; one notin the engineer or architect to protect the owner | r and 
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oy another by the general contractor to protect himself—for he is 


to the owner for the work of sub- -contractors. The supervising agency evi- 


dently values this latter inspection, as it is ‘required by a great majority o 


le = Under separate contracts, the engineer or architect can ati secure 
he ‘a satisfactory quality in the work of a specific contractor, , but quality in the 
uld specific trade does not insure quality in the project as a wh hole. —S 
eo -yarious parts have been properly timed, joined, and finished as a whole, the 
to Ww -chite as stated, with respect. to buildings 
A well- known architect has ‘stater wi h resy spec gs, 
never had been, and probably never would be, prepared a a complete and perfect — 
of plans. Some adjustment, alteration, and modification in the field is 
“necessary. Doubtless, the same true of engineering plans. ‘This condition 
od “seems s to necessitate some central agency in the contract to produce a a structure | 7 
Proper timing of operations is a necessity on which the quality of a build- 
val ing project particularly depends. Conduits must be p laced, not when the 
gh plumber or the electrician feels like doing so, but when forms and proce aees 
- parts are ready to receive > them. The ‘heating plant is essential to the drying — 
a 
er complete segregation, proper joining and finish, or 
a patching as it is commonly called, is extremely difficult. to produce. Each trade 
eat seems to consider itself at liberty to bore holes, but feels no -responiibility for " 
their filling and finish. Under partial where ‘some principal 
mill tractor is held responsible for such work, this is also a problem, as such con- 
ail tractor lacks ¢ control over those who cut the structure. A number of construc- - 
uA tion companies that have been consulted declared that they would like to be ie 
- rid of responsibility for the mechanical trades, were it not for the fact that, ‘a 
ith those trades operate under independent contracts, efficient operation and 
in satisfactory conduct of the work asa whole i is ‘impossible. 
cc Ow: ners may not know it, but they a are the ones who pay the costs of acci- — 
ted ‘dents in construction. The cost of injuries and deaths finally finds its = 
on to them through high production costs, increased premium rates, and 
her general inefficiency in “construction. Safety work is, therefore, not only a 
ples humanitarian | obligation, but an economic necessity. It can only ‘Seabed 
on % successfully | when centrally supervised and enforced throughout a project. 
are Bc ia When several independent contractors are operating on the same site, intel- 
“td ligent, co-ordinated safety measures are neglected, and the rate of a 
increases. 4) Responsible contractors shave stated that proper safety — 
mn, if necessary, 
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In some with 1 existing regulations pre- 
cludes protection under the Workmen’s Compensation Act. The contractor 


4 ¢ a. and the owner in case of accident may be jointly sued for twice « or triple the 
limitations « of the Act. 7 If the contractor sued is responsible and is. acting 


in the capacity of general contractor, 1 the owner is safe. No exists 
a concerning» who is responsible for all parts of the work; but if. there ax are a 


number of independent. contractors, , responsibility may not be located or placed, 
the ow mer, may be obliged to, pay the damage. np oved 


_ As previously mentioned, individuals in one or another, group ‘participating 
in construction prefer, one or the other system of contracting. The reasons 
of some are unselfish, whereas. those of others are distinctly ‘selfish. group 
entirely one way the other, and, in each, there is a tendency to blame 
the deficiencies of human beings on a system of contracting. 
the contractor seeks to establish segregated contracts because 


ar an unprincipled general contractor tries. to drive his bid down to that of an 


54 irresponsible competitor, he should realize that. dealing directly with an owner 

is not a remedy. _ Owners” or their ‘representatives commonly do the same to 
_ general contractors, « or for trifling « causes hold up large sums of his money. 


| 7 They will do likewise to the sub- -contractor. _ A number of representative sub- 


contractors | have stated that they prefer the general contract, when the owner 

_ The professional man who -Tepresents that an owner. can profit by elim 


inating a, general contractor on the grounds that he performs: no necessary 


SOF 


service, is at best uninformed. Construction service is “composed of certain 


elements which 1 represent relatively certain expenses. may be re- arranged 


“A among various agencies, but they cannot be eliminated. ‘The significant point 
peo to be considered is, which of these : agencies can perform the various services 
“most efficiently and most satisfactorily te to an owner. No « one presumes that a 


-_ man trained to the contracting business « can step into design and render proper 

service. either the designer step” into gener al contracting, without 


e.- The general contract system was not suddenly conceived and launched i 
me on the populace, but grew to meet the requirements of owners, , through a long 
a period of F years. It has endured in the hands | of individuals who were unor- 
ganized, when all industry around them had developed ‘powerful ‘trade ass0- 
ciations. By its endurance has been demonstrated the soundness and economy 
et of centralized construction management, and it should not be cast aside ‘merely 

to suit the convenience of a specific trade or profession. 
Rather than attempt to correct any group or annoyances by 
aft scrapping a a system \ which i is both theoretically sound and the 


larly as those abuses will prevail under any ‘system, until all elements ¢ con- 
a cerned with « construction ¥ wage war on i ignorance and unethical practice within 
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Society is not for any statement made or opinion expressed 


THE O'SHAUGHNESSY DAM AND -RESERVOIR* 


By Joun H.  Grecory,t O. Hoover,t anv C. B. CorNELL 


This paper | describes the design and construction of a dam and reservoir 

built | to increase _— storage of raw water for the water supply of the City of 
———— The m masonry portion of the dam is of the overflow gravity 


type, the spillway section, 879 ft. in length between | end abutments, being 


spanned bya 12- arch reinforeed conerete bridge. The crest, of the spillway 
is 64 ft. above low water i in the river and has a discharge ¢ capacity of 110 000° 


eu. ft. per sec, The reservoir, formed by the construction of the dam, is 8 
A wiles” in length, has a maximum width of 1900 D ft., and a total available 
storage capacity of 5 gal. The total cost of the and reser- 


all way yaa: th. 


1908 the > city” a program of 


ena improvements which included the construction of. a water purification 


and softening works: and pumping station adjacent to the Scioto River, — 


* miles from the center of the city, a nd of a ‘masonry dam and storage reser- 
x voir on the river: about 4.5 miles above the purification works. * T These i improve- - 


Ee ments were fully described in a previous paper presented tc to the Society. l| iam ae 


Tn the fall of 1925 the city completed a second five- -year program SS 
_ important water-works improvements, this: program: including enlargement 


NOTE. —Discussion on this paper will be in August, 1928. fi 
Presented at the Fall Meeting, Columbus, Ohio, October 12, 1927. . 


Cons. Prof. of ‘Civil and San. Eng. , The Johns Hopkins Univ., Baltinnere, 
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0” SHAUGHNESSY DAM AND RESERVOIR » 

of the water purification. and ‘softening works and the construction of a second 
masonry ry dam and storage reservoir on the Scioto River.* aera ian ll 
7 it is the purpose of this paper » to describe the construction of the second 


_ wr dam and reservoir, known as the O”’ Shaughnessy Dam and Reservoir, 


To ave 


the report referred to, it will be vel to Prony how the x names, by which ‘the 

are “now came to be given. In the report recom- 


about 2 miles north of the ‘Village of Dublin. 


second fi five- -year ‘program was begun in 1920 Mr. Jerry 


Shaughnessy "was the ‘Superintendent of Columbus -Water- Works. 
a ‘Mr. O’ Shaughnessy had been in the employ of | the Water- “Weeks, ‘Department 
for nearly fifty years, rising from the humblest position to to the highest, and it 
was one of his ‘greatest, ambitions s that the second five-ye -year program should 
ie carried to ‘completion while he was still Superintendent. of the Department, 
the work having been organized under a separate bureau of the Water-' Works 


Department. This was not to be. Mr. O'Shaughnessy died « on ‘January 28, 
1921, more than a year before the second dam w was put u under contract. The 
City Officials wished to recognize Mr. O'Shaughnessy’ s long years of service 
to the City of Columbus and decided to name the new dam for him. | 


>, 


= bronze tablet, ectting. forth the action of the City Council in naming the new fi 
dam for Mr. 0’ ‘Shaughnessy, been mounted on the dam and bears the 


By RESOLUTION OF THE OF THE or ConumBus, 
Apopre, Fesruary 7, 1921, Tuts: Dam Namep anp Desic- 


THE “QO SHAUGHNESSY Dam” Honor OF THE 
OQ’ Suavaunessy, Wao so AND 


im was referred to: as 
_ the ‘Seloto River Storage Dam and it was built while the late Julian Griggs, 


Am. Soc. C. E., was Chief 1 Engineer of the Board of Public Service the 
Work “under ‘program having been organized as a separate: 


untiring | efforts of Mr. Griggs that the first program of 
tae ni was started, and the first masonry dam was completed while he was 
Rs oe Chief Engineer of | the ‘Board. Mr. Griggs died on December ‘4, 1922 


a4 Having honored Mr. ney Shaughnessy for his long service ‘to the City by nam | 


oy _ This second five-year program was carried out substantially as recommended in 4 
of colus on Enlargement of the Water Supply, Purification and Pumping Works o 
of Columbus, Ohio,’’ by John H. Gregory, dated August 2, 1919. piper 
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ing the mes for him, the City Ofiias then wished to honor | Mr. Griggs 
for h: his very valuable services in connection with the construction | of the first 


dam. _ Hence, the ‘first | dam was renamed the Julian Griggs Dam. The fol- 
lowing is from the resolution ea by the City. Council on Tiesiaabee 18, 


“That the canes storage dam in we Scioto River be and i is hereby desig- — 7 


nated as “The Julian Griggs Dam’ in honor of ‘Julian Griggs, who m8) faith- a 
fally and well served the City as Chief Engineer and who was one of the prime y 
movers in the movement ito construct said dam, and who had general super- | 

‘The two dams and will be referred therefore, as the 


Dir 


O'Shaughnessy Dam and -O’Shaughnessy ‘Reservoir ‘and the J lian Griggs 
Dam and Julian | Griggs: ‘Reservoir. ijn 


Capacity oF WoRKS 


report “previously referred to it was ‘recommended, i addition 
enlarging the water purification and softening works and pumping station, ‘ 


- that the water supply works be enlarged to provide for an average water 


consumption of 55000 000. gal. daily. recommendation | has been carried. 


- out and the O’Shaughnessy Reservoir, together with the Julian Griggs Reser- 


Voir, provides sufficient storage to meet this requirement. With an estimated 


— consumption of 0 gal. per capita daily the source of supply will now 


® prov ide for a . population of 500 ae, estimated to be reached somewhere between > | 


Tn th e operation of the purifiation and softening works and the pumping 


station, water is used for washing filters, flushing mixing chambers and set- 
_tling basins, boilers, ete., and a study of the past operation of the Columbus 
works indicated an allowance 5%, or 2 2750 000 gal. ‘daily, should 


$i 


for water sO. used. Consequently, the water supply works. will provide 


verage consumption 0 of 55 000 000 ‘gal. 
pal the carrying out of the second five- "year program the water. purification | 
* softening works were enlarged, and, although it is not the intention in 


this paper to d describe the enlargement of these works, their capacity before _ 


and after enlargement will be given, as a matter of reference. As ‘first built, 


the ‘purification Ww orks included ten rapid: sand filters, each with a then “rated 


“capacity of 3 000 000 gal. daily, or a total of 30 000 000 gal. per day. While of 


the: piping and the filter rate controllers will permit rv running the filters at a a 


somewhat higher | output for. a short period, i in case of. emergency, experience ‘ 


gained i in the ‘operation of the works for the first ten years demonstrated that 


iti is not safe to run the filters, under Columbus conditions, a 
80 000 000 


al. daily for any considerable time. The maximum 
« the first filter installation, therefore, must be put at 30 0 000 000 gal. daily. 


average daily capacity of a water "purification works to supply filtered 


Wer is dependent on the maximum daily filter. capacity, that is, , the 


safe rate at t which it is to ‘filter water, on the volume of 
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(THE 0 SHAUGHNESSY DAM AND RESERVOIR 
water aided in the filtered water reservoir | and available for the 


rates: of water on maximum and long” con- 


re 


From a: ‘of Columbus conditions it was found that, a maxi- 
mum filter capacity of 30 000 000 gal. per day, an average daily capacity of 


2 In the -second five- year program the purification v 


maximum filter capacity of 54 000 000 gal. daily by the addition of 
8.000 000-gal. daily filters. ‘The existing 10 000 000- gal. filtered water reser: 
voirs were enlarged so to have’ a total filtered water capacity ‘of about 


(16 500 000 gal. { _ Under these new conditions, following the method referred 
to, the purification works now have an average capacity of 40 000 000 gal. daily. 


third and final enlargement of the purification works: an average 
daily capacity of 55 000 000 gal. will bring them up to the capacity 0 of the 


oc In 1926 the City of Columbus had an estimated population of about 
985 000. The water consumption for the ‘same year was 27 400 000 gal. daily, 

"including water. supplied to a a a population of about 15200 outside 


Suep anp Fiow or THE Scroro River 


 . At the Julian Griggs s Dam t the Scioto River has a water- shed of 1052+ sq. 

S miles, and at the O’Shaughnessy Dam, 988 sq. miles. On ‘the water- shed the 

rock: is” of a. limestone formation and is exposed at many places. Where 


the ‘rock is covered, the drift is of varying thickness. The waht ta hard 


Pena and is unsatisfactory for domestic and industrial uses unless softened. The 


1 i‘ on the enlargement of the water supply, purification and pumping works of the City of ' 


Ms aq average total hardness of the water for the last 18 years, 1909- 26 ‘inclusive, 


272 parts per million, 160 0 parts being carbonate a and the remaining 


parts non-carbonate hardness. ‘The maximum total hardness recorded | on any 
one day was 495 parts per million. . The average turbidity | was 5 parts per 
‘million, but, during freshets and flood flows, turbidities in excess of 2000 


‘parts per million have been recorded. At times, however, the total 
hardness drops to less than 100 ‘parts per million. | “The maximum recorded 


turbidity was 2.250, parts per million. The water. is softened and filtered 
before delivery into the distribution system. 


: ‘The daily flow of the Scioto River | at the Julian Griggs Dam var ies between 


wide limits, from minimum of 20 to 30 cu. ft. ‘per sec. (roughly, 


—«18 000 000 to 20 000 000 gal. daily), during the dry months of the summer 

* and. early fall to upward « of 1000 eu . ft. per sec. hadtind' the winter and early 

_ * The method: by which the average daily capacity was arrived at is a very interesting 


one and was described in detail, with graphs, by Mr. Gregory, in his report of August 2, 1919, 


Reece $o far as the writers are aware, that was the first time this method was us 
_A description of the method may also be found in Chapter XIV, “Relation Between Filtered 


Water Storage and Filter Capacity,” by John H. Gregory and Robert B. Morse, Members — 


> Am Soc. C. E., in the Manual of the American Water Works Association (1925), pp. 330-345. 
ee a pt a Transactions, Am. Soc. C. E., Vol. LXVII (1910), p. 218, the area was given 48 


1032 sq. miles. The new area of 1 052 sq. miles is from measurements made baal bo more 


lesued topographical maps of the U. S. 
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SCALE OF MILES 


WATER-SHED OF SCIOTO RIVER, COLUMBUS, 
Begin ing in 1908, “records have been’ “kept daily ‘of the water 
level in the J ulian Griggs Reservoir and of the opening of the ‘sluice-gates 


in the dam when water was drawn from storage. From these records” the 
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was computed. there a are a few in the record, they 


= crest 30 ft. above low 1 water in n the river. ver. Fro rom 1 the dam 1 the we 3 flows 
down the river a distance of 4.5 ‘miles to the intake of the purification works. 
2. _ The water- ‘shed of the Scioto, River near ‘Columbus, and also the location 
of the O'Shaughnessy and Julian Griggs Damas, i is shown on Fig. ri 


Srorace Capacity 

fe F roti a study of ‘es daily flow records of the Scioto ‘River it was found 
that the maximum : available storage n needed to sustain a raw-water draft of 
—«BTT 750 000 gal. ‘daily at the J ulian Griggs Dam, the lower of the two dams, 

would be in the last half of a year having daily flows similar to those which 
ocurred 1914. storage may be readily obtained from the mass dia- 


‘The curve for accumulated ‘Taw-water draft 


which to. water “consumption ‘of 55 000 000 gal. ‘per 
The ratio. ef daily draft to average daily draft for the year is 


- to be the same as that experienced between June, 1913, and waniiees > 


\ 


a 


-6 352 Mil. Gal 


7 


_ The lower curve gives 1 the accumulated of at 


witha average. raw-water draft the year of 57 750 000 gal. daily, 


pene to an average water ‘consumption for the year of 55000000 gal. 
daily. In Seno data for the plotting of this curve, it was 8 assumed that 
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the ratio of the raw-water draft, to the average da y raw-water 


draft for the 3 year would be the same as s the ratios experienced on a 


rks. of long continued water consumption occurred in the period. 
i0r From these’ two curves it is seen that a total available storage of 


6981 000 000 gal. is needed above the Julian Griggs Dam to sustain a raw: 
water draft of 57750 000 gal. daily. The available storage needed above the 
(’Shaughnessy Dam was then found as follows: 


= 
Total available ‘needed, in gallons. .. 6981000 000 


i 

‘without  flash- -boards, in an 1 


he Total available storage at Julian off 
boards, in gallons .....-...... 1987000000 1987000000 


Storage at O’Shaughnessy Dam assumed bio edi Yo - 


gvailable, in gallons 250 000 000 


Total storage needed 0’ Shaughnessy Dam, AO 


ye In plotting a a mass diagram to determine the amount of storage needed to 


“sustain | a given rate of draft, it seems to be common practice to assume the | 


“rate of draft ; as the average for the year and, consequently, to plot the accumu- 


: lated draft as a straight line ec. With such an ‘assumption it is, of course, 
“much easier and simpler to plot. the diagram. That there may be, however, 


considerable difference in storage needed, ‘based on this’ assumption and 


the assumption that the rate of draft varies from. day to day in accordance 


per past experience, w: ill be seen by reference to Fi ig. 2. To the mass diagram 


on this drawi ring has been added | a straight] line, accumulated, raw-water 


draft based on the assumption of a uniform raw- -water draft of 57750 000 gal. - - 


With the assumption of a raw-water draft throughout the year 


1 = of 57750 000 gal. dail: y a storage of only 6 352 000 000 gal. is needed, wher eas 


629 Mil. 
Ga 


= with a variation in rate of draft day by day, throughout t the period in which 

ea storage is needed, in accordance + with past experience during « a similar ‘period of 

rt the year, a storage. of 6 981 000 000 gal. is seen to be necessary, an Ceudiniidty 
the 629 000 000 gal. ; that is, 9. more storage is needed in order to amain- 
per 

eal, 
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O'SHAUGHNESSY DAM AND RESERVOIR 


rate. draft throughout the ; year may give too small ¢ a storage, , about 10% 


in the case just illustrated. Therefore, they have taken this opportunity ta 
bring the m matter to the attention of engineers. vs 


ware ‘The | O’Shaughnessy Dam i is a concrete masonry dam, of the gravity over: 
flow type, straight jn plan, a and 1750 ft. in length, including the approaches, 
masonry portion of the dam i: is 879 ft. long, measured face to face of 


"copings on the abutments. The two approaches have a total length of 
, but they are not of length, the east. approach being slightly -Tonger 

Crossing the dam, above the overflow or “spillway section, isa — 
oncrete arch | bridge of twelve spans, each span measuring 64 ‘ft. 6 in. in 


ee clear. ' The net length of the spillway, under the bridge, after tae the | 
i of the bridge piers and the outlet gate- -house, is 765.7 ft. iti. L 
_ The crest of the spillway i is 64 ft. above low the on the 
_down- stream side of the dam and 84 ft. above the rock foundation. The 
roadway. on the bridge i is 21. 3 ft. above the crest of the spillway making, there- 


= a total height of dam from rock foundation to > roadway level of 105. 3 ft. | 
A general plan of the dam : is chown on Fig. 3, and a plan and elevation 


The ‘most disastrous floods record i in history Central bio 


occurred in March, 1913, nis Columbus and Dayton were ‘the ‘two cities that 


fluence, the total water-shed is 1 612 sq. . miles, 1076 being on the Scioto and 
on the Olentangy. Fortunately for Columbus the peak- flood flows of the 


flows into ‘the Scioto just above ‘the center of the. at the ¢ con- 


oh he peak of the Scioto food occurred on March 25, 1918, with a flow esti- te 


mated to have been n approximately, 80 000. cu. ft t. per see. at the ; J ulian Griggs 


m, or about 76 ¢ cu. ft. per. sec. per ‘sq. mile of water-shed. the peak, 
depth « of water “passing over the 500- ft. spillway of this dam 12.8 ft, 


point have been about 75 76000 ft. ‘per sec. After consti 

ation of the subject it was finally” decided to ‘provide’ spillway capacity 
os pk the new dam for a flood of 110 000 cu. ft. 1 per ‘sec., or about 50% in exces 
a of the 1913 flood, and also to increase the length of the spillway about 50% 


‘oven, that0 of the J ulian assumptions to 
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‘Fig. 6.—VIEW O’SHAUGHNESSY DAM, LOOKING EAST, JUNE 21, 1923. - 


Fig. 7.—O’SHAUGHNESSY Dam, Looxine East, SEPTEMB 
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T, OCTOBER 25,1923. 


Fic. 8.—O’SHAUGHNESSY DaM, LOOKING 


O'SHAUGHNESSY Dam, LOOKING EAST, MA 


~~ — 

j 


—" 


Papers.] O'SHAUGHNESSY DAM AND RESERVOI 


10.—O’SHAUGHNESSY Dam, Looxine East, JUNE 13, 1924. 
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a head of about 9.5 discharge 110 000 cu. ft. per sec., the 
om flood plus 50%, — require a head of about ‘12. 5 ft. | Under the extreme 


the wides over lway. 


site on which the is built was finally” 


selected after more than 
a year preliminary “surveys, studies, and investigations. ‘This site is 


ibout 4 miles above ‘the upper of the ulian Griggs Reservoir and about 
16 miles north of the center of the « city (Fig. 1). . The problem resolved itself 
into one of finding that site where, at a ‘mIninimum ¢ cost of construction, 
sitable rock foundation could be obtained on which to build ‘the dam and, at 


the s same time, provide | sufficient. storage. . Numerous : sites above the J ulian 


Griggs Reservoir were | surveyed and more than 1200 rod soundings and 
spud- drill borings m made i ‘in or¢ order to to locate the surface of the rock.. The spud- 


drill borings, using an ordinary w well- drilling ‘machine, were made where -. 
soundings were not feasible. Comparative estimates of cost were then 


piled and, on the basis of these, the site finally qe as chosen, subject. to 
revision, however, should ‘diamond drill core borings reveal 


conditions. 


two such borings were made, their locations being as shown on Fig. 

specifications | provided for three sizes of core, 13 to 14 in., 14 to 2 in. and 

2 in. or greater in diameter, , but as the price per linear foot was the same 
for all sizes, only 2-in. “cores ‘were taken. ti in ay 
F Deep ] holes" were drilled under the body | of the dam, near the we t 

on the east bank of the river; at the top of the two steep slopes on the east va. ; 

bank; at the top of the | steep slope om, the weet bank; and at the center of 
‘ried to a somewhat lower depth than top of the rock the next 
toward the r river, . the holes at the top of the e slope on the west bank, and at the 


‘top of the first steep rise on the east bank being carried 7 below the 


Drilling Equipment. —For the holes on shore two engine- 
Sullivan friction feed, core-drilling machines, equipped with single core bar- 7 
and served by 2-in. pipe tripods, were used. Water ior was 
pumped from the river by a gasoline engine- -driven, Gould triplex pump, the | 
discharge ‘pipe being” equipped with an adjustable safety valve which per- 
mitted very even pressures to be maintained f for both drilling and testing. =.’ oi 
eat For “drilling” the hole in the river three lightly constructed high- 
ories were used. The gunwales of these boats were bored with pairs of holes — vee 
at about 3- ft. intervals on both sides of the boats. Two of the boats an 


ins placed ‘in the’ ‘spacer | holes, light between 
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THE O'SHAUGHNESSY DAM AND RESERVOIR 
‘the pins and lashed down, and 2- in. plank laid on the timbers to form a float- 
Es ‘ing platform. i The ‘drilling: machine w was skidded « on to this platform from §f with s 
a the bank, the whole being towed to position by the third boat and anchored ff and a 
The equipment furnished also included a small portable shop and took slight] 
making repairs s and for resetting the diamonds in the cutting bits, this and a 


work: all being done on the job. ‘The equipment: for 1 testing is described J upper 
_ Drilling —Where the rock was not exposed a a 4in. casing was driven to [iM pipe v 
pipe 
the top of ledge rock by one of three methods: First, by driving the casing, severa 
pulling it ‘up, and knocking out the earth core, a and then ‘repeating the “oper: expan 


ation; second, by jetting out the earth and driving the casing ; or, third, secure 


a where slabs of rock embedded in the earth were encountered, by drilling ¥& direct! 
sf with a spud bit. All casings wer were left in place and ‘capped. ‘In exposed the g 


yes tock, short pieces of casing were cemented into the holes in order to save #& with t 

: The drilling of the holes was done in the usual manner, a complete log the re 

ts of each hole being kept, the notes reporting any changes | in the -eolor or desire 


quantity of the discharged water containing the cuttings, the depth | to the length 


diye 


MN bottom of the cutting bit at each pull, a sounded depth, and » the length of IB the e 
core obtained at each pull, as well ‘as notes on the physical characteristic presst 


‘of the rock, ck, et. 
‘er 4 The cor cores were placed “directly in boxes built for the purpose, mare hose, 


blocks of wood being placed between the rock | obtained | from each pull; the & quant 
boxes were covered with wire screening as soon as filled. The average depth small 


of the holes was 34.55 ft., the maximum being 65.0 and the minimum 19.3 ft. § inside 


Hydraulic ‘Tests—Each hole was subjected to one or more hydraulic tests Toss, 


water: being applied under a pressure “equivalent to a static head corre: maxil 
sponding to Elevation 860, for the pu purpose of determining the water- -tightnes takin, 


hy of the rock and also for locating any open seams or fissures. More and better § groun 
information on these points was obtained from the hydraulic tests the 
= than from any, other source, not excluding the information secured from IB disch: 


Set Screw from 
upper 
parat 
ured, 
Fic. 12.—HypRavLic Test APPARATUS FOR DIAMOND DRILL CorE BORINGS. 


_. Water, under the pressure noted, was applied to the test hole through 8 


string of pipe of lengths to ‘Teach to. be tested 
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vith a set of soft a the bottom, a short ‘length of pipe above, 
with several holes drilled through the sides of the pipe, a second set of gaskets, 
and a second piece of pipe reaching» to above the ground. y The gaskets were : 


held between i iron flanges, t the gaskets and flanges having an outside diameter 
lightly smaller than that of the test hole. The inside | pipe, in. in diameter 
and about 1 ft. longer than the outside : string of pipe, passed through ‘the 
upper set t of f flanges and gaskets, through the upper > flange and gaskets of the 
set, and ‘was screwed into and through the bottom flange. . This inside 


sreral holes just above ‘the lower set of. gaskets, and “was 
expanding g screw sleeve | at the top. The upper half of the sleeve could be _ 
securely fastened to the inside pipe with set screws, and the lower half bore 
directly against the top of the outside pipe. By screwing the sleeve out, 

the gaskets" could be compressed until water- tight connections were made 
with the sides of the hole and with the outside of the inside pipe. 
could be applied from the inside pipe, through the holes in both pipes, to <¥} 
the rock sides of the test hole between the top and | bottom gaskets, any 
desired length of hole being put under pressure by simply placing the desired 
length of perforated outside ‘pipe between the top and bottom ‘gaskets; or, 

the entire portion of the hole below the upper gasket could be put under > 
by removing the plug at the bottom of the inside wif} 


the quantity pressure by a gate- -valve, and the. 
quantity measured by a a §-in. service meter. ~The pressure was shown | on a 
small pressure gauge located close to the connection to the top of the 8-in. y 
inside pipe. ‘Due to ‘the small : size of the inside pipe 2 and the high friction ; 
loss, it was necessary to determine, in advance of testing the holes, _ the = 


maximum quantity ¢ of water which various lengths. of f rig v would discharge, 


taking into account the range of pressure “required by the ‘elevation of 


ground at the several holes. _ Determinations, sufficient in number to cover 


the various lengths: of test piping and ‘pressures required, were made of the 
discharge « capacity of the pipe by laying the pipe on the ground and mens: 
uring the discharge into the air, a | constant pressure at the gauge oe 
maintained by ‘throttling the gate- valve. 
- Unless the existence of fissures ¢ or open seams in the rock had been wer a a 


mined during the boring of the holes, ‘the first test was made at a Teel 
from 5 to 10 ft. below the top of the ledge rock, the entire hole below the 


Bile Sto < 
upper gasket t being put ‘under “pressure, ‘If the was water- r-tight, or com- 


paratively so, the pressure was ‘maintained for 15 min., the leakage a [ 


ured, and further test of the hole made. if t the leakage was equal in 
quantity to, or : slightly le less than, the discharge capacity of the test tig, ‘dct 


tional tests were made at greater depths: ‘until the open seams or. fissures 
were located. In a few instances, where there were indications that two 


orn ‘more small seams had been encountered, the ) pressure was confined to the 
“space between the gaskets, with the gaskets ‘set so as to be a bove and below 


“one of the seams, the this seam 1 measured, and then s similar tests 
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mine the condition « of the rock above the seam, a permanent t seal was by 
filling the’ hole with cement mortar to a pr point above such seam. . After a 
sufficient time had | elapsed to permit the mortar to ‘set, the hole above the 
seal was tested in the usual manner, at sil 
ggg h Percentage of Core. .—The length of core as in position 
+ “s in the core boxes, was 84% of the total depth of all the holes measured from 


the sop of of the solid re rock to the bottom « of the 


acing, left in place, 


paying for the ‘core borings | foot measurement was ‘made 
the surface of the ground the bottom of the hole. temporary 
seal was paid for each time that ‘the testing rig was set in a ole, the pres- 


54 sure turned 0 on, and the flow measured. “If the pressure was maintained and 
t 


he flow measured for a period of 15 min. in. then - payment for a hydraulic test 
The total cost 


of the drill c core- e-boring investigation 1 was $5 068, of engi 


The diamond drill core borings and hydraulic tests made at the - proposed 


site indicated that t ere were no sub-surface conditions seriously detrimental 


its selection. ~The s sub-surface investigation showed, however, that the 
a grouting | of the underlyi ing rock would be required at certain ‘points and that 


- further extension of the grouted areas ‘would be desirable, but as a measure 


of i insurance rather than of necessity in 


of the core borings “and “hydraulic tests, J. A 


of Ohio State ‘University State Geologist of Ohio, “was 


requested to review the investigations which had ‘been. ‘made, examine the 


cores secured, make ‘such other investigations: as might seem desirable, and 


TOD F Tis 


his. findings. “report: approved the site with 
out qualification, ‘but made_ the recommendation that underlying rock 
be grouted ‘for the purpose of preventing leakage through possible solution 

ie, channels, cleavage planes, cand o open bedding planes in the rock. 

2 From a point about 4.5 miles below the Julian Griggs Dam to 


well above the limits of back- water from the oO ‘Shaughnessy Dam, the oo 
tiver flows through a valley cut in the Devonian. limestone. 7 ‘The lower reaché 


this” ut through the Columbus limestone at ‘normal. water leva 


» Delaware limestone outero in in the hi her lyin ortions of the 
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THE 0’SHAUGHNESSY DAM AND RESERVOIR. 


adjacent, to the » e river. Near the Village of Bellepoint, about 6. 5 


the Monroe limestone, the part here of the Silu- 


 Overlying the limestone, at at points in the valley where slopes are e flat 


balder clay being a an ideal for and the 


f 


the has an average thickness of about 


105 ft. ‘The Delaware limestone lies above the Columbus limestone, - the con- 


tact being characterized by the bone- bed, notable among geologists for its 


high content of fossilized “plates, teeth, and other bony structure of Devonian 
fish life. Below the Columbus limestone is the Monroe limestone, the two ) 
being separated, however, by an unconformity. a The basal layer of the Colum- - 


bus formation is commonly a conglomerate which ¢ consists of pebbles of Monroe 


Columbus at site consists of this | basal layer, 

by many layers of limestone of varying ‘thickness ranging from 2 or 3 in. to | 


4and 5 ft. and varying in chemical composition from a true dolomite to an 
almost p pure e calcite, with physical characteristics almost as variable as the 
Excavation for. that part of the dam west. of the ot outlet g gate- -house and in 


| the easterly half of the river bed, developed the fact that the bed of the ives, 5 
fat the site, was ir in the ‘massive lower layers of the Columbus formation | and — 
that excavation to ‘the depth shown on the contract drawings would require 

the. removal of much of this massive stone, a procedure which was — 


sary an and which was immediately changed by decreasing the depth of excava- __ 


tion, where the rock foundation warranted, t to ‘a minimum of about ? ft. aoa 


glomerate was found to * from 6 to 8 in. in thickness and to have both ‘above 


and below it, and 1 throughout n most, of its extent, a thin layer of plastic blue 


clay. ‘This is discovery, which was not developed by ‘the borings, , led to the deci-. 


sion to ce carry all the cut-off trench ‘excavation, across - the : river bed, to a point: 
at least 1 ft. below the bottom of the basal conglomerate. jaw 
‘The dip of the rock i in the Columbus | District is from 20 to 30 ft. per mi 


to the east, or a little south of east. At the site it was found to “approximate : 


the larger figure and the cut-off trench was made to follow the variation i in the 3 a 


level of the rock, being a little higher at the v west end of the river er section th: a 


at the easterly end | under the outlet gate-house. to 
Excavation for the core wall both ends ‘of the dam encountered 


depth of the basal of ‘the Delaware limestone 1 underlaid by y the 
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was s about 87 being less s than the ‘usual thickness for 
the Columbus District. dyad. sit wilt 


* x None of the. - excavated rock was too soft for use as coarse aggregate for 


— eonerete and the thicker layers made excellent stone ne for slope p paving. | It ‘Was 
“necessary, however, to. exclude the of the softer ‘stone for. the 


surface of the macadam roads constructed adjacent to the dam. 
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13. .—SPILLWAY SECTION, SHOWING LINES OF PRESSURE, 0’ SHAUGHNESSY om. 


G4. The maximum section of the spillway, as constructed i in 1 the clear betweel 


ee piers supporting the bridge above, i is shown on Fig. 13. ‘ This section als 
shows the lines of pressure under various conditions of loading. the design 


of the section the following assumptions were 1 made: de: Hs 


Weight of masonry, in pounds p per ‘cubic 


Weight « of water, in pounds per cubic foot...... ads 


Tee thrust, acting at crest, in pounds per linear foot. -20 000 


arti pressure: Full head | pressure | at heel decreasing: 


3 Surface of ‘tail, 36 ft below flood 150% that of 
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THE O ’SHAUGHNESSY DAM AND D RESERVOIR 


_ The Hines of pressure show n are re for § six different conditions as 


—Reservoir full and upward pressure, ari abite 
4.—Reservoir full, upwar ard pressure, and ice. 


~ 
exception of Case full, upward ice— 
de lines of pressure lie, at all points, v yithin the middle-third limits. 


4, the line of pressure is outside the ‘middle- third limit down to an ‘elevation 


40 ft. below the crest of the ‘spillway, which is at Elevation 845. Tension, 


therefore, would exist at the up-stream face of the dam above Elevation 805, 

but small in amount, not exceeding 26 Ib. . per sq. in. Steel ‘reinforcement was 
‘provided, therefore, at the back of the dam at each horizontal construction | s 
joint above Elevation 805. ‘The upper 10 ft. of the spillway ° was built lil 
lithie between | vertical expansion joints and was not reinforced. 
factor of safety against overturning, ‘under of loading 

in Case 6, that is, reservoir overflowing, 12.5 ft. above crest, and upward onli 
sure, is 2. 25. ‘The maximum pressure at the toe also occurs under Case 6 and 


is 5. 82 tons sq. ft. on a ft. below the crest of the 2 spillway. 


In the lines of p pressure no made for the v weight 
F the overflowing sheet of water. Computations, however, were made to ascer- 
‘tain its effect , and it) was found to add to the stability of the structure. At the 
bridge piers the lines of } pressure Ww would be slightly different due to the weight 
of the piers and bridge. 


On the spillway section, Fig. 18, are shown the ‘upper nappes 

for an overflowing | sheet of water: having a depth of 12. 5 ft. corresponding to ay 

the 1913 flood plus: 50% Tos and it will be noted that t the shape of the crest 
such that the face of the masonry projects into the sheet of water well 
the low rer nappe. The maximum and minimum aT of the spillway, a 
well the intermediate ones, are ‘shown on Fig. 14. 


At Powell Road, about 2 000 the dam, county highway crossed = 
the river on. a 9- on steel truss ‘bridge, 240 ft. in With the 


new bridge. Comparative estimates that it would be 
cheaper: to build a bridge across the and to abandon the crossing 
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— 


Powell Road. | This solution of the problem was adopted after it: had been 


submitted to 0 and approved i by the County Commissioners 0 of Delaw aware County, 


_ in which the dam and reservoir are located. It was also of advantage to the 
m city to. have a bridge across t the dam, a as ready access would thereby be provided 


de of the dam to the other and also to the tw two -gate-houses. i) 
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Fig. 14 _—SEcTIONS OF SPILLWAY, O’ SHAUGHNESSY Dam. 


The onsite of twelve: reinforced concrete arches” and has tal 
face of copings on the abutments at each 
ko 
l, the intrados being struc 


P sa a radius « of 52 ft. Of in! Each arch has a clear span of 64 ft. 6 in. and 1a ris 
et 3 The thickness at the crown is 18 in., and at the springing line, 3ft 
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right angles to the axis of the measured 


arches have a length of 19 ft. 4 in. 
tied | by ‘reinforced ‘concrete ‘slabs ley: spandrel and 


extending down to the arch rings, except that, for a length | of 21 ft. 6 in. . at : “4 
‘the center of each arch, the slabs. are supported on a cinder fill 


directly over the ; arch rings. — ‘The roadway surface is a vitrified brick pave- 
“ment, 4 in. thick, , laid ‘on a 1-in. sand cushion. | The joints in the brick | 
grouted with an asphalt filler. 
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15 —Trricat ARCH SECTIONS OF BRIDGE OVER SPILLWay, 0’ 

is drained by cast-iron sai: at frequent 
Vals along | each side of the pavement. — The storm water is. collected above — 
arches ai and is discharged the arches, or through the piers, 


Ba. conerete slab carried on “cantilever brackets ‘to. the arch 


ting at the center of the arch and to the -spandrel ‘walls over the haunches 
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THE DAM AND 


at other points. The balustrade sidewalk; together the pylons, 4 
is constructed of ah limestone, sawed, planed, or 


The details of one of the: arches is shown on Fig. 1b, 
along the paved ro: adws ay | on the bridge in Fig. 


Bays At each end of the spillway section the approach | consists. of a pre 


earth embankment or dike with concrete core wall, Fig. 18. The approaches 
25 ft. 6 in. wide | on top and have side of 1 on 2, 


corresponding ‘the 1913 ‘flood plus 50 per “cent. the reservoir 
é of the dike the 1on 2 slope. terminates at a berm 10 ft. in width and located 
ft. 6 in. above high water. The ‘slope ‘paving begins at the outer 
of the berm, and, at the lower end, is either keyed into the rock or abuts 
against a concrete -toe-wall. it is from 12 to 18 in. in thickness and is 


bedded ot on 12 in. of free- draining broken stone, 


x 
> 


ft on n each side, , and is 3 keyed 12 in. into solid rock. The top is at Weve 
tion 858. 5, or 1 ft. above high water. 


roadway on each approach is bituminous : macadam, the width, 


17 ft. 6 in., : being the same as the clear width, between curbs, of the road- 
y on the bridge over the spillway. y. On each side of the » aac Wes ede 4 
f the embankment is protected by a fence built: reinforced concrete 
ae ‘posts s and rails. Just before the approaches connect with the masonry abut- a 
ments at each end of the spillway, concrete steps on each ‘side of the roa 


way provide access to the natural surface of the ground. kt 


‘The outlet gate-house (Fig. 19) : is 32 ft. sq 

is located at the center of the out from the 
‘side of the di dam. When water is drawn from storage it is taken ‘through 
thee gate- -chamber immediately below. In the gate- -chamber are two ‘sets of | 

chambers or wells, each set consisting of two separate wells connected 

sluice- -gates. There is connection between the two sets of wells, thus 


"providing duplicate means of drawing water from the reservoir. In case of 
to any sluice- -gate | one set of wells ca can be shut « off. 


oi The up-stream well connects with the reservoir through six 4-ft. by 7 ft. : 
in. ‘rectangular and immediately behind these openings are three 
2 placed | coarse 
"screens, Fig. 20, having clear openings of 38 in. Water drawn from the reser 
oi, is discharged into the river immediately below the dam and flows into a 
the J ulian Griggs Reservoir. A fine screen, therefore, is not needed at present, 
the coarse screen serves simply to keep out floating débris and thus pro 
tes. The two inner grooves are for a double set 
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ig. 20, which ¢ can be ‘inserted should it become necessary to inspect 


a 


air a a sluice-gate. The stop- ‘planks are stored in grooves provided for 


by 


Surtecs: 
Dam, TYPICAL SECTION THROUGH DIEB. 
up- -stream well is with the corresponding stream well 
_ by three 36 by 60-in. rectangular openings, each opening being fitted with a 
rectangular sluice- -gate of the same size as, and ‘placed at the up- stream end 
- of, the opening. These sluice-gates are set at different elevations so as as to 
permit: the drawing of water from storage at three different levels. From 


4 each down- -stream well. water i is taken through t two vo 30. by 60-i -in. sluice-gates 
5 into two 48- in., ca cast-iron pipes , passing through - the dam‘and terminating at 
the up- “stream end of the | apron. The ends are submerged so that the di 
charge i is into the water cushion apron, 
Each well is fitted with a lad der extending ihe: gate-house floor 
“the bottom of the well, and at various elevations pockets have been left oppo- 


“site each other i in the side w walls. of the well for the insertion of temporary 
_ platforms, so that access can be had to the sluice- ets and to the steady : 
bearings on the sluice-gate stems. 

the bottom of the gate- -chamber four 48-in., 
ig. 19, below the bottom of the -stream wells the 
A ‘stream: wells with the up- “stream face of the gate- -chamber. _ These pipes” took — 

nite 

the ordinary flow of the river after the dam and gate- -chamber had been con- 
f structed to an elevation above low water. | After the completion of the dam 

each pipe was closed at the up- -stream end by a cast- -iron, | blank flange, the pipe 

~ filled with concrete, e, and the low er end closed with another blank flange. Grout 
Was then pumped into the pipe $0 as. to fill it solid. In addition, the down- 
stream end pipe was permanently outside, by a concrete 

The gate-house superstructure built of cut and ‘dressed blue Indiana 
limestone, matching that in the balustrade on the bri dge, and i is 
° with a light- colored, ‘salt- glazed face brick. . The roof is constructed of steel as 
russes carrying -eoncrete slabs 3 in. in “thickness. The covering is of bright 
Re. red ‘mission tile laid on a bedding of Nalecode nailing concrete, 13 i in. _ thick. 
~ The doors and windows are of hollow metal construction built of heavy hard 4 
Copper, stiffened, and reinforced. The windows are glazed. with 4-i -in. polished 
woven n glass. The superstructure houses the  hand- -operated; _ball- — 


sluice-g -gate stands and also a 2- ton, -operat 
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“THE 0 SHAUGHNESSY RESERVOIR 

‘Pownr Gatr-House 


At w west of the spillw ay is a power r gate- house, Fig. a1. ‘This was 
- built so that, should the city, in the future, wish to. ) develop: power at certain 


times of the year, that i is, with reservoir full and water overflowing the spill- 
ay, or when w ater is drawn from storage, say, from the upper 10 or 15-ft. 


= in the reservoir, it could do so by constructing a rs a ‘power 
lant below the dam, on the west side of the river. 
Water would be drawn through the gate- chamber into” ine of wells, 


"whi ich, in turn, » connect with a conduit, 15 ft. wide and 19 ft. high, passing ~ 


; under the bridge to the , down- stream m side of the dam. From the end of this 
~ conduit a head-race could be constructed along the side hill in the rock to a 


suitable point where penstocks- could be extended to the power house. 


head-r race has not been built, but the upper end has been excavated for a dis- 


a tance of a few feet from ‘the conduit. This short ‘stretch of excavation has 


Toam grass ss sodding. On. the up- rstream side of the gate: chamber an 


: “approach ‘channel has been excavated in the rock, ‘the bottom of the channel 


being 20 ft. below the crest of the dam. 


‘The two w wells. are fitted with cast- -iron frames for the future installation 
of ‘sluice- -gates and also with cast-iron ‘grooves for sereens and stop- -planks. 
"The upper end of each well is closed at present with + in, reinforced con- 


bulkhead k keyed into the side walls of the well. 


Be The power  gate- -house is slightly ‘smaller in size than, but of the same con- 
struction as, , the outlet it contains no equipment at 


we 
PAVILION 


To balance oe structure as a whole, a pavilion has bats aii a the east 
— of the spillway. Iti is similar i in construction and dimensions to the power 
aS except that. the wall panels | between the pilasters have been omitted 
ie on all four ‘sides. In the three sides other than that next to the roadway, 


similar to on bridge, have been built, both: for 


especially up  stre 
1annels below the dam on each side of river. This was 


ve ceavating benches i in the rock, the benches being c curved i in plan and sloping =| 


ee stream rc om the toe 2 of the apron until the river bank is reached. ‘These 


benches” vary in from a minimum | 32 ft. to a maximum of 


provide. flood- -w water down to the river, but also» 
he rock for the construction of the dam. Pe i 


With water passing ovat aw: spillway of the dem it flows along” 
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one until it reaches the river. 2 The ¢ we a flow the longer the travel of 


= water r longitudinally of the benches. With any considerable volume of 
flow o over the dam, it isa beautiful sight to see the water rush along the apa 

owe ay benches and tamble over from one bench to the next. To the present the 
‘greatest depth of water ‘passing over spillway, on March 21, 1927, was 


ft., corresponding to a flow of about 21500 cu. per sec. A view of the 
east §] spillway channels i is given in Fig. 17. et 


For various reasons a more or less elaborate construction plant was ‘required 
a building the dam. | For example, excavated rock, when suitable, and 2 as 


‘needed, was to be used as construction material; equipment, other than spout- 


g ing, had to be installed : for transporting co: concrete as the Specifications 3 provided 
that “spouting of concrete as a means of transportation will not be 1 permitted”; 


y and, again, as the work was located about three miles from the nearest rail 


_ road siding, construction equipment, supplies, and building materials, other 
than those obtained at the. site, had to be transported over this distance. | It 


was these, together with other, factors, which determined the type of “equip: 


a 


as well as the methods used in constructing the dam. 


Electrically Operated Equipment.— —With the « exception of the steam shovel, 
~ eableway engines, channeling machine, gasoline locomotives, and motor Nien: 
‘practically all the plant and equipment used was electrically ‘operated. As 


oe there were no power lines in the | vicinity of the dam, a’ 7- -mile high-tension 
line, earrying a 15 000- volt, 3-phase, 60-cycle current, was constructed, con- 

necting the lines of the Columbus, Delaware, and Marion Electric Railroad 


with: a transformer station located the dam. From the’ transformer 
- station a 440- volt circuit was run to the crushing plant and 220-volt circuits: 


4 Bs the concrete mixing plant, to the air compressor plant, to pumps, and to 


small motors and lights located here and there on the work and i in the ¢ camp. 


Cableways—For constructing the masonry part of the dein two ‘traveling 


¥ eablewaye were installed, both traveling « on the same tracks and having similar 
an and dimensions. _cableways had a | span of a little more than 


1100 ft. and the towers a height of 103 ft. 6 in They were equipped with 


bod Lidgerwood steam cableway engines and 1 marine type boilers ; and with electric 
’ = drive for ae ore of the tail towers. The main cables, lock strand, 


tion equipment consisted of a fleet of once White 


4 - reach a few feet up ‘stream from the up-stream face of the outlet gate- house 
iil exceeded, as the weight of a full bucket of concrete was something 


~ and the down-stream cableway to reach the down-stream face of the longest 


a Transportation Equipment.—At the beginning of the work the. transporta- 


were 24 in, in diameter. On both banks of the river t the r railroad trackage 

under» the cableways was long enough to permit the 1 -stream ‘cableway to 
apron. cableway had a nominal capacity of 10 tons, but this load was 
nent isted of fif dump trucks ; these 


me gasoline locomotives, trs On the east bank, immediately. in 
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and the other to the plant. was 
one track, to. either of the cableways in 5-yd. | bottom dump 


flat cars + the ' other track was used for carrying rock from the ‘cableways. to 
the crushing plant. inode #07 pitiziny gat 


Trucks were used for hauling all the construction plant and ‘equipment, 


—_ 


as aa as supplies and building materials, : from the railroad ‘spur at Powell, 


Ohio, 3 miles away; for hauling all the earth . excavated, except a small por- 
tion used in the coffer-dams; and for hauling a considerable portion of the - 
- excavated rock either to > the crushing plant direct, » Or to a ‘point hanes it could 


1” th. a 1-yd. steam shovel, mounted on a caterpillar truck. The exca- 

ile | = ited material » was loaded into trucks or into skips handled by the cableways. 

ner “The « cableways delivered the excavated rock to cars on one of the tracks run-— 
It ning ‘in front of the eableway towers, or to a grizzly on. the east bank 
ip- the larger stones were ‘separated, for use in eyclopean masonry, before being 


discharged into to the ¢ cars. The cars, in turn, delivered the excavated rock to _ 


encountered required extensive drilling and blasting. 

_ drilling of holes. for blasting and the drilling of all grout holes less than 15 ft. 

+ dep th, was done with jack- hammers driven by compressed air supplied from 


on- a rast motor- driven compressor plant in which were located two, belt-— 


| 


driven, horizontal, Ingersoll- Rand air compressors. A ‘Sullivan channeling 


machine was. to -eut the sides of the cut-off trench, as required by the », 


‘specifications. The mucking of the rock in the cut- -off trench, and in the 

core-wall trenches, and the trimming of the excavation was all done by hand» 


supplemented by light | blasting. Excavation, both hand and machine, was 


carried on day and night during a large of 1922 ax and 1923 

"seasons | and during a Part rt of the 1924 season. 

e Crushing and Screening Plant —The pr incipal items of equipment installed re 


in the crushing and screening plant were a No. 6 and a No. 25 Kennedy gear- 
crusher, d driven by 40 and 25-h. . motors, respectively; a rotating eylin- 
drical stone screen, 5 ft. in ‘diameter and 19 ft. long, ith a dust ot 
larger diameter, 6 ft. long at the inlet end; a four- “compartment storage 
skip hoist; and bucket t elevators and belt “conveyors, all the equipment 
being ‘motor-driven. Later, a small rotary screen, was installed and used for 


the smallest size stone. ‘The crushers were set at ground level and 

sereen at the top. of the storage bin, _The Fock to be crushed was dumped 


y the to the charging 


‘into or to storage piles, smallest size aggregate being 
hese through the washer if desired. ‘Tailings from the screen were conveyed 

the smaller crusher, were recrushed, and passed through the screen again, 
y in with: the stone from the crusher. ‘The ccrushe sto 
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was screened into sizes, ‘screenings al and dust less than } in. to i 


a 3 in. to 13 in., and 13 to 3 in. oh pedi; 


‘and sand consisted of a timbered tunnel, with the top at ground | level, extend- 


Storage of Crushed Stone and ‘Sand— -The storage plant for crushed stone 


net ing from | the , concrete mixing g plant to a point | ‘about 400 ft . distant from the 


plant; ‘a timber trestle built directly over the fir st 225 ft. of the tunnel; a 
portable, -belt- conveyor unit; belt conveyors on the trestle and in the 


as tunnel; and a bucket elevator extending from the end of the tunnel _ conveyor 


Eee to the top of of the concrete mixing plant. Crushed stone, more than 2 in. in| 

bs : diameter, was delivered from the storage bins un nder the ‘screen, by conveyor 


and elevator, t to the trestle conveyor which, in turn, discharged it into storage 
piles over the tunnel and on the ground on each side of the tunnel, the three 

a of stone being kept separate. Sand, hauled by truck from the railroad, 


umped into the receiving end < of the portable | conveyor unit and ‘was dis- 
ie into a storage pile | at the | outer end of the tunnel beyond the trestle. 


os The sand and crushed stone were discharged through ~ in the top of the 
tunnel and "delivered to ‘the concrete mixing ‘plant by belt” conveyor “and 


‘Unloading Pla —Bulk material and supplies, prin- 


ae cipally sand and “coal , were unloaded at Powell , on the Hocking ‘Valley Rail- 
way y, by ‘an unloading: plant consisting of a track feeder and bucket elevator 


a elevated bin from which the material was discharged Sree? into motor 


tr trucks. The equipment v was driven by a A aso ine engine. — 
Concrete Mixing Plan 


a tral mixing plant located about 100 ft. up stream from the dam and a pa 

“- she distance east of the east abutment section. a The upper part of the plant con- 

oa - sisted of four ‘compartments o or storage bins for sand and the three sizes of 


crushed stone; below were two floors above the ground level, ‘the proportioning 
re devices s being located on the upper floor ‘and the concrete mixers on the lower. 


ground story wasapipe shop, 
‘The | equipment consisted principally two, 1- yd., Smith, tilting 


‘mixers; a measuring hopper. over each mixer; ‘a collecting hopper, with 2- -way 
~ chute for feeding the n measuring hoppers ; four sets of weighing devices, one 


each for the three sizes of ‘stone and one for the sand; a calibrated water 


a 
with “way discharge piping ; | 8-cu. yd., , bottom dump, concrete 
hopper, in front of the 1 mixers and over the railroad track running under the 


eableways ; and an electrically operated platformelevator for hoisting cement, 
aan Each weighing device consisted of a weigh hopper with a lever- r-dumping, 


aad self- closing bottom; 5 @ motor-driven, : steel | apron conveyor for feeding material 


to the weigh hopper from an opening the floor of the storage bin above, 
from Which both were suspended ; and a seale- beam with an electric contact 
fe 80 arranged that the lifting of the beam would shut off the conveyor motor. 


‘cg One switch started any one or all of the « conveyor motors. The bottoms of the 


weigh hoppers were connected to a single dumping lever that, with» ‘the 
 sealle- beams set, ‘the pressing of the starting -switch- button was all that was 


ka necessary to weigh out any d desired quantities of the three sizes of stone and 
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of the sand. The of the dumping lever ‘discharged thes these ‘materials into 


‘either of the two measuring hoppers, where the cement was added. ‘The 
cement was , handled direct from and measured as in the original packages. 
‘The specifications required the proportioning of the aggregates by volum 


As might be expected, the weight of material for a given volume was not a 
always constant, hence, in order that the materials might be proportioned by - + 
weight, which the ‘contractor requested, weighed quantities of the several 


classes of ‘material: were checked, several times during a run, against the 
volume as measured in the charging hoppers, which v _ were calibrated. If any 


in 
yor "departure from the required volume was found the scales were correspond-_ 
—The dewatering of the -coffer- dams was done by two, 4-in, dis- 
charge, m motor- driven, low- lift: pumps. When once pumped down the inter- 

dis mittent operation of one pump would handle the leakage. ater for concrete, 
stone washing, and other plant uses was furnished by two, 3-i in. discharge, 
motor- “driven, two-stage centrifugal pumps, one pump being able to supply 

j the demand when the washer was not being operated. 
ba . Camp.—The camp included the engineers’ office, | bu ilt for the city by the 
ail contractor, as required by the > specifications ; two contractors’ offices ; two store E 


“buildings; a well equipped ¢ emergency hospital, with a graduate nurse in 
wk - charge day and night; a blacksmith shop; the garage already mentioned ; an 
aire compressor building; a small saw- -mill and tool storage building; a large 


otor _ mess hall and commissary; a bath house and latrine: ; and a varying number) 

ia _ of one-story bunk houses, nine being constructed early in ‘the work. All but 4 &g 
= o ow of the bunk b houses were either torn down or used for other purposes, there ig 
short few occasions when four were filled. Most of the labor, both 
= skilled and unskilled, drove to the work from the surrounding countryside, or ‘ 4 


shoe from the dozen or more villages: and small towns w ithin a radius of 15 miles, 


: a few + making the trip. daily from Delaware and Columbus, which were some- — 


two had siding and roofs. ‘The 

tsi ae buildings were lighted by electricity and the bunk houses, latrine, and ¢ com- 

“missary were well ventilated a and screened. The engineers’ office was the best 
water - equipped building in the camp, being provided with a a furnace, Delco lighting oe a 
crete and power outfit, a drilled well, motor-driven pump, a well-equipped wash and Ais 
the toilet room, and. a fireproof concrete vault for the storage of note- books, draw- 


‘ Sanitation —Camp wastes were handled in several ways ays. The large latrine, % 


and smaller ones at several points on the w ork » and the mess-hall kitchen were “7 
provided with galvanized cans which 1 ‘could. be “removed, through doors 
ground level, from the outside of the buildings. All wastes so collected were 7 

buried j in pits dug at some distance from the work, the contents of the pits = 
being ‘covered with quicklime and a a few inches of earth as soon as: deposited. 


Wash water from the latrine and kitchen w as run into. f tile 
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= 


of two. units. ‘Each unit had a length o of 232 ft. of pipe, with 
burlap at the joints and ‘surrounded with crushed stone. Drinking» water, 


A other than that for the engineers’ office, was obtained from a 100-£t. well by a 


‘ motor- -driven | pump and stored i as an elevated wooden tank erected eet to the 
mess hall to which it was piped. a dnd ti 


Other Plant and Equipment. —Mention should also be made of the 


storage house, 60 ) ft. wide by 100 ft. long, with a capacity of about twenty car- 
loads of cement, a sti leg derrick with 2 an 80-ft. boom, used for many purposes 
compressed- -air operated drill dressing outfit, a grouting machine, 
— In dita the dam it was obviously. desirable to take full advantage of 
© the topography of f the top surface of the rock, as developed by the test borings, 
and to make the spillway | as long as as possible, i in order to keep at a ‘minimum 
the depth water r which would have to. pass over r the spillway under, the 
_ assumed maximum flood flow. It was decided, therefore, to place the en of 
spillway section at about the points where the rock surface reached the 
- ¢levation of the crest of the ‘spillwa ay. This brought the center of the sy spillway ay 
isk to the low-water mark on the east side of the existing river bed, at which | 
point the rock outeropped and there was no question, either from surface 
aliens or borings, a as to the suitability of the location for the outlet gate- 
rar | previously stated » Provision was made in the plans for placing four 
484i -in. pipes in the up-stream part-of the gate-chamber to take care of the 
ordinary flow of the river during the construction period. — The construction 
of the gate-house was, therefore, the first work started i in 1 the river bed. x The 
first coffer-dam, on . the east side of the 1 river, was : begun in» the early “part of 
— 1922, before the completion of the general construction plant. i 


' was planned by the contractor | to extend the coffer- -dam to Elevation 790, 
o— ft. above low water, but on the recommendation of the engineers + the height - 
was reduced to about Elevation 784, roughly 3 ft. above low water in the river, 


as coffer-dams of this s height had proved d satisfactory i in the 2e construction 0 “ ‘the 


4 


In addition to that section of the dam in which the outlet gate-l -house is is 
a located, sufficient area for for the next section to the west, out into the river, 
was included in the east coffer- -dam, the inside dimensions of which - were 175 
measured at right angles, and between 145 and 150 ft., measured in @ a 
direction parallel to the dam. For ‘the construction of the up- -stream, down- 
stream, and river sides of the coffer- -dam, , cribs, about 10 ft. in width, made of 
small logs secured on the site of the work, were built, _ the framing being done 
on the bank of the river. When complete, the cribs were skidded © into the 
river, -, floated into , position, fastened together, and sunk by filling them with 
‘rock. Earth was then deposited around the outside of the coffer-dam, after 
which 2-in. sheeting was placed, edge t to o edge, all the way around the outside 


of the cribbing. The sheeting was held at ‘the by waling timbers 
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to the cribbing, and was into the earth by. ‘mauls. 
water was pumped down in the coffer- -dam additional earth and small rock 
was placed i in the cribbing and outside the sheeting, the outside fill Il being com- 


pacted by men, with rubber. boots, until the top of the fill was above the water 
in the river. In spite the fact that the: entire: of the 


4999, and continued until 28, the coffer-dam topped 
moderate flood. An attempt was made to pump the water out during the early 
part of the following ‘month, but. this had to be abandoned on account of 
another rise in the river. It was then decided to cease operations until spring. 
Some trouble was encountered during t the winter with i ice jams, but only | one 


' actually did any damage. ‘A view of the east coffer-dam, taken on November _ 
of 29, 1922, is given in Fig. 22. 
3, “a Om: May 1, 1923 , the coffer- dam was pumped out and construction work 

m resumed, but it was again flooded - on May 12, and it was not until May 24 
he that construction work was again started. On June 6, ‘and again on June 15, 
of heavy | local showers raised the river sufficiently to flood the work for an hour 
he two, but operations were resumed the following day. 
ay a On J une 25, 1923, an opening was made in the east coffer-dam and the 
ch iver turned into the 48-in. pipes passing through the gate- -chamber. the 
‘same day the -stream portion of the coffer- dam on the west side of the 
te iver, previously constructed, closed. ‘The up-stream side of the west 
wi — coffer-dam was similar i in construction to the east coffer- dam, but was tied into | 
ur concrete wall, constructed for the purpose, which projected up stream 


the 4 several feet from the westerly end of the concrete already i in place i in the east 


offer-dam. _ The river § side of the west coffer- -dam was also of the same con- 
‘he “struction, the -eribbing resting on the concrete apron, which was already i in 


place, and tying into the westerly en end of the down-stream cribbing of the east — eo 


nt. offer- dam. The down- stream side of the west coffer-dam consisted of an 


earth fill made of earth “excavated from the west bank | of the river. The 


ght up- -stream side of the west. coffer-dam was also reinforced by dumping ‘exca- 


ver, vated material on the river side of the cribbing, raising the effective height 
the about Elevation 7 88. The area enclosed by the west coffer- -dam was, roughly, | 


ee I 130 ft., up and down stream, by 180 ft. parallel to the axis of the dam. "pd ois SR eA 


west coffer- -dam was fi flooded twice, first, on uly 8, 1923, when a part 

ver, 4 of the down- stream fill w sas washed out and had to be replaced, and the second 2 


15 _ time on September 22, when little damage was done. On November 2, 1923, 


n a “the ® concrete work was completed t to a point above low-water level. From this 
wn- time, however, the up- stream side of the coffer-dam continued to be used as af 


means of crossing the r river, a timber foot-bridge spanning the 0; pening 


bai 
jone ts through which the river flow passed to the 48-in. pipes in the gate-chamber. ‘a x. 


Belore describing the methods used in making the excavation the dam 
appurtenant work it will, be well to state briefly the conditions existing 7 


th the Site. Columbus or ‘Delaware limestone: was encountered at all 
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points under the dam and core walls, the cover varying, , however, both in 
character ¢ and thickness, the latter r reaching an maximum of about: 15 ft. 
ie higher lying banks outside of and at each end of the concrete part 


of the dam were cultivated 1 areas with 2 to 12 ft. of cover consisting of clay | 
4 loam, yellow boulder clay, | and a varying ; thickness of clay mixed with rock 


fragments immediately above the ledge rock. ‘The first sharp rise from the 
_ river bed on the east bank had only such cover as was held in place by the 
roots of of trees, brush, and nd weeds. East of this was a moderately sloping 

_ terrace, , the rock being covered with from 2 to 5 ft. | of leaf mould, loam, and 
~ lay ‘and rock fragments mixed. In this : area tl the top of the rock had been 


affected by weathering toa “greater extent than at any other part of the ‘site 
except for a few ial areas on the west bank. The second sharp rise east 


of the 1 river was to that overlying the 


The easterly half of th of tiie: river channel as. bare ledge rock, 
westerly half was covered to a depth of from ‘ito 4 ft. with a bar of dirty 


‘sand , gravel, and small fragments of “rock. Immediately west of the river 
was an alluvial terrace from 30 to 50 ft. wide, the cover over the rock running 
= 4to9 ft. in thickness and of material similar to that found in the river, 


except with considerable admixture of leaf mould and loam. The lower 


two. thirds of the steep slope west of the river consisted of rock steps filled, to 
on n evenly sloping top surface, with loam, leaf mould, and clay ar and rock frag- 


ments sizes, some ‘measuring as much | or in one dimension. 


depth. 


a 
It is is interesting to note that the cola revealed during excavation in 


. area on the west side of the river were not ‘disclosed by the preliminary 


investigations. n As a result, the foundations of the dam, the spillway chan- 


nels, | and the concrete ) aprons of all but one section west of the river, were car: 

ried to lower elevations than originally contemplated. — Cee 


The upper third of the west slope had scarcely any over rock but, 
ie _ ‘like th the entire area be between the ends of the spillway, except the r river bed, was 


he 


iil The ‘excavation for the dam and ‘tenes work was divided into four | 


classes: Earth excavation above 782; rock excavation above 
tion 7 82; excavation below Elevation 782 ; and rock excavation in the cut-of | 


7. The contract prices for the first three classes of excavation were the 
35 sl ae same, $1. 90 per cu. yd, and, for rock excavation in the cut- off trench, $12.0) 


Except some hand ork for the engineers’ office and certain small cul 


7. 


lowed by the stripping ‘of the cover and rock on terrace e 
the river, all the excavated material from these two locations being placed i 1B 
y the relocated em: “Excavation for the 
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“THE my SHAUGHNESSY ‘DAM AND RESERVOIR 
east section of the spillway and rough excavation for the east spillway channel 


came “next, followed, successively, by excavation ‘for the sections of dam and 


spillway channels west of the easterly section, as far as the top of the first — 


steep slope « east of the river. Some of the excavated material wa was used to com- 


plete the road embankments, the remainder being placed jn storage piles 
sdjacent to the stone crushers v up to the time the crushers went into operation. 
of ‘excavated material was done by trucks, ‘and both 
and trucks, the trucks hauling part of the excavated rock direct to ee -erush- 


| ing plant and a large part of the remainder to large steel skips which, in turn 


October by steam shovel a started in the first 


the outlet gate- house was started. work was carried | on, as weather per- 
lk 2 


mitted, during the w inter, all the rough excavation for the remaining Sailaie. 


13 some ‘instances, ‘several times ‘to put them i in final acceptable condition, 


of the dam, east of the river, being completed, as well asa part of the spillway 
channel excavation, by March 27, , 1923, when the shovel was moved to the went 


side of the r river and excavation star ted for the weaterly spillway section. 


hy Excavation on the west bank was car 
rock step, working toward the river, part of the excavated rock being taken | 


to the crushing plant, by. cableway_ and railroad, the : remainder being cast over . 


on the next lower ‘section and again -rehandled. It was vas during this period | 


that a a ‘second s steam shovel was put in operation, on ‘the terrace just west of a. 

On July. 14, 1923, steam shovel excavation was begun in the west coffer- 

dam, following which came the completion of the excavation on the terrace 


immediately west of the river. Part of ‘the rock from the coffer- dam 


| 


transported to the crushing aay but the bulk of the mixed earth and rock | 

from the west bank was placed in spoil banks below Elevation 192 on the up- oa 

stream side of the dam. By the early part of September ‘the ste steam shovel work | on 

for the | dam proper was complete, and work was again taken 1 up on the spillway _ ae 


channels. ¥ ‘It was necessary to go. ) over the spillway channels at least once and, 


thi rem: 
is work being partly done during the remainder of 1923 and completed in ee 

1924, The excavation necessary for the new road connecting the west end ‘of 
the dam Ww with the existing county highways, as well as the excavation of most 


of the earth used in building the embankment sections of the dam, was made 


considerable amount of hand excavation was necessary in tr imming the 
area under the dam and a apron and the spillway channels. ‘The bulk of the 
core wall and cut-off trench excavation was hand work supplemented by light 
blasting of the rock, the Rides. of the eut- off trench first having. been cut with 
4 channeling machine to. the full depth. ‘The excavation for the pavilion 
Walls and for the ‘approach to. for the head-race below the power 4 


wa hand. after blasting, 
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| wit Throughout the work it was necessary to drill and blast ~ rock before 
7 4 it could be handled by steam shovel, and wherever the excavation had to be 


brought to 1 neat lines i it was necessary to line ¢ drill the rock before re blasting to 
prevent overbreaks and to hand trim the faces of the excavation, this being 


especially the case along the edges of the spillway channels where, even with 
the precautions noted, some overbreaks ks occurred. Practically all the rock 
excavated by hand was handled by ig cableways where the work was within 


ae The information obtained from the core borings made on the site of the 


dam and from the hydraulic tests made on the cored holes resulted in the 


decision to grout the foundation i in order to close up any open bedding planes, 4 


= solution channels, cleavage cracks, or - fissures that had been located by ‘the 


wy borings or that might exist at points not explored by the borings 


"was fairly v water-tight below a depth of approximately 1 10 ft. or r less delow the 
‘top of ledge rock, except ‘at a few ‘points: which could be given special atten- | 
a It was decided, therefore, that in general Redan holes should be | 


owever, was varied by 


ling along the of steps in foundation adjacent to the 


dower sections of the dam and to a less depth on the other side of the steps, 
the holes along the side adjacent to a lower section reaching to from 8 to 6 ft. 


below the top of the rock in the | lower section after the excavation in in this 
geetion had been completed. Tt: was also decided that there should be a row 


of holes up stream from the cut-off trench, unless the rock at this location § ke 


| showed no seams or cracks, and a row in the cut-off trench, the holes in these ae 


‘tows to be spaced not more than 12 ‘ft. apart, and also holes on 10 to 12f . 
both w ways, down stream from the cut-off trench and under the 


tw 
but not under the apron, and additional holes into every crack and crevie hag 


found in the excavated a area, 


im _ A number of crevices were diel by the excavation, a few at the easterly 


four 

end of the spillway section and just west of the river bed being filled with .d 

Each crevice was cleaned ‘out with water under pressure and grout 


: or both, with the idea of making it possible for the grout to reach every pos " 


sible channel ‘through which water might s seep under the dam.’ In 


ape spacing of holes, the location of the cracks and s seams in the soak determiniig 
the location and spacing of the holes drilled. 


Rie total of 553 grout holes were drilled under t ‘the dam, abutments, and core 
walls, 526 | of this number being drilled with jack-hammers, using a 2-in. bit 


=< 


oq the over-run in width at the top of the hole being enough to admit the 2-1 
standard weight, wrought- steel pipe used for grouting. _ These holes ‘ranged = 


— from | a minimum of 4.1 ft. to a maximum of 11. 1 ‘ft. in depth, the “average 


ke the holes the large conerete abutment blocks" at either 
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end of the spillway and under the two westerly ‘sections of the spillway, i t 
‘vas necessary to use a well- -drilling machine with a 4-i ‘in, spud- bit to reach to . 
a depth lower than the bottom of the adjacent section of the dam. Twenty- 
seven machine- drilled holes were put down, Tanging: from 18. 0 to 30.5 ft. in 


depth, the average depth being 26.4 ft Ty ty. it 


soon as the ‘drilling was completed, grout pipes of sufficient: length 
reach above the first lift: of concrete were put in place. — In the holes drilled © 
vith jack- hammers, 2-in. . pipe was used; in the machine-drilled holes, 4- 
q pipe 1 was required, the pipe being cemented in, where necessary, to exclude the Ee 
a erete. Where the elevations of the foundation of adjacent sections of the a 
gillway differed by more than about 8 ft., it w as necessary to hold back the 
= grouting of the higher section until part of the concrete had been placed in 
the lower section, pipe | being extended up through any additional lifts of con-- 


B crete placed : in the higher r section. fi In some of the sections at the westerly 
end of the ‘spillway the | pipes: were carried through the “stream face of the 


limit length of pipe 


of the pipe was permitted, however, in order r to meine va placing of on 
crete ; but the length for which payment was allowe ed was limited to 4 to 5 ft. 
‘under the dam and 11 to 14 ft. in the cut- off trench. For each fitting that 


was necessary, an allowance of 1 lin. ft. of pipe was yas made and the figures given — 


Excluding the grout-pipe to the 48-in. outlet 1 pipes in the g gate- 

chamber, and ‘pipe used for other purposes, a total of 4363 lin. ft. of pipe was” coe 

paid for, the minimum length for any one hole being 2 ft. and the n maximum, 

43 ft. total length included eight grout-pipe connections: to sink holes, 


al The grouting machine was made o1 on n the job from a stock « cylindrical steel 
air reservoir, 28 in. in | diameter by 44 in. high, having pressed oval heads, ‘the 
upper head ‘containing an oval cast-iron clean- -out manhole held in by 

two pressed steel yokes and bolts. 4 Angle- iron legs were welded ‘to the tank . ss 
and a 3-in. outlet pipe, with a 3-in. brass cock and reducer for connecting to” D a al 
2-in. pressure hose, was screwed i into the e bottom | head. For ‘mixing the grout 
with four }-in. pipes were e screwed through | the lower head about 4 in. from the bi : 

outside shell and on the quarter- -points, each pipe having an elbow ‘and short 


nipple on the lie ‘end and all four pipes being connected t: to a 1a in. air line © 2 
running up the outside of ‘the tank. _ This air line had a 3- -way cock, to ythe 


outstanding opening of which the air-supply hose was connected, and two tees, a 
one for the pressure-gauge connection, and the other a blow- off, with a oe: 
which extended through the top head of the tank. 
The operation of mixing the grout consisted of filling the tank to a 
‘Proper point with water, through the manhole, turning ina small quantity. of 
air through Ge-esladngs pipes, placing 2 sacks of cement and 2 sacks of sand 
in the tank, | screwing the manhole casting in place, the blow-off being open, a 
- turning on of full air supply to the mixing pipes : for at least 1 ‘min. — Cay: 
Connection between the tank and the grout pipes was “made with 2-in., 
ies -lined Tinen hose. The grout was applied by closing the blow-off valve 
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THE O'SHAUGHNESSY DAM AND RESERVOIR (Papers, 


and ope opening the outlet cock, the air supply being turned in through the top 


connection if ‘it t failed to move: the ‘grout when being supplied through. the 


; Payment for the grout placed was made by the cubic yard which by defi- 
nition consisted o of 8 cu. ft. of cement, 8 cu. ft. of sand, and the @ necessary 


water, the a actual volume of this quantity of wet grout being somewhat less 


. than 1 cu. yd. A fine brick sand, 45% or more of which would pass a 40-mesh 
screen, was used. total of 229 cu. yd. of ‘grout was placed, the quantity in 
the several ‘sections of the spillway varying widely. ‘The - minimum « quantity 
placed in any one section, 7 41 ft. 6 in. in length measured along the axis of Clas 
dam, was 0.15 cu. yd. The maximum | quantity one ‘section Was 
ie 
‘quantity being the maximum pag “The average ‘per 
hole, including the sink. holes, springs, and mud seams, was 0.41 cu. . yd. _. a... 
' “The full air pressure e carried i in the supply lines, of § 80 to 100 Ib. per sq. in, 
applied to the holes, only 50 Ib., however, being by the specific 

“the pipes were capped | and the grouting w was continued. one e case grout was og 

raised in fifteen holes from one connection. — be Later,, the caps o: on the 1 pipes were 
removed; if they were not filled, grout was then pumped into them, 1 the same oa 
treatment being applied to all pipes that had taken grout upon the first 
an The number and length of drilled holes, the amount of pipe and fittings aig 
used , and the grout placed considerably exceeded the estimated quantities, ue 
the results obtained have been considered as amply warranting the added 
cost. A thorough examination of the area down stream from the dam has. cn 
ah a failed to disclose any leakage other than a slight” seepage around the three eos: 
Ry i westerly ‘sections. — This leakage i is so small as to cause no uneasiness from the rock 
possible formation of solution channels through the rock. job ix 
ie In the construction of the dam, five classes of conerete + were used. For large 
~ convenience of reference Table 1 gives the mixture used i in, ‘the contract price but 
per cubic yard of, the volume placed under, and the location in the work of B A 
each class ofc concrete. The total volume of concrete placed was 79 565 cu. yd. being 
an average price of $9.29 per yd. ba has? abieni o ‘iyi the d 
ot Bie: specifications permitted the engineer to change the relative volumes yard 
of the fine and coarse aggregates in each ‘mixture, but at the same time keep: 
ing z the total volume. of the two classes of aggregate the same. The coarse the p 
was screened into three sizes: No. 1, to $.in.; No. 2, 3 to 14 in; out t 
and No. 3, 13 to 3 in. In most of the ne) a mixture | of the three sizes was: densi 
used, but in much of the ‘reinforced work the > No. 8 3 coarse aggregate ws 


omitted, and, at times, only the No. 1 coarse aggregate was used, especially in 


thin reinforced work, in order to ensure satisfactory bedding of the steel reil- Me Of c 

forcement bars. te Salt ot ifs Sits to “= 


phe, The specifications for the fine’ aggregate provided that the material should 

conta not le thee. 80% of silica, graded fine coarse, 
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1 screened to > reject all particles greater wince in. in diameter, 


thorough ghly 
“ should not contain more than 3% of ms material passing a 100-mesh standard 


2) sieve; also, that the material should a contain more than 3% of loam, clay, ’ 


efi- or dirt. ‘The fine aggregate used was a washed bank sand shipped | 


ary Dresden, Ohio, distant about 55 miles east of Columbus. 


TABLE Usep in THE Dam. 


Mixture. price per | placed, in Location. ie 


$6.85 Cyclopean masonry forming the body of the 
| 18.00, 2 032 Core walls of the earth dikes; retaining walls 


Exposed faces of dam bridge piers; cut- -off 
trench; substructures. not including floors — 

bi itt rant 134 of gate houses and of pavilion; paving and © 

eet ee retaining walls in regulating works below 
vail :4 Bridge arches, spandrel and curtain- walls; 


floor of bridge, including sidewalks; floor 
of gate-chambers, pavilion, and balconies; 
and bulkheads in power tubes. 

34 |Roof decks for superstructures of 


and pavilion. 


™ 9 a 


thre ~The coarse ag gregate was crushed limestone obtained mainly from 


n the J rock excavation for the dam and spillway channels and was screened on the | 


‘Tn the 1: 3: 6 Class . A conerete, ‘designated | as eyclopean ‘masonry and 


om forming the main ‘body of the dam and piers of the bridge over the spillwa ay, 
For large stones, from the rock excavation, were embedded certain extent, 


price J but the percentage of such stones, taken as a whole, was small. et 


rk of, a Alpha Portland cement was used throughout the work, the total a 
1. yd, being 93 500 bbl. With a total volume of 79 569 cu. yd. of concrete placed i in & 


‘gt the dam, the ratio of cement to concrete was 1. 18 bbl. of cement per hie 
keep __ The proportioning of the relative vids of fine and ‘coarse aggregate and 


roars [MF the p proportioning of the three sizes of coarse aggregate was adjusted through- ine 


4 in out the course of. the work with the object of securing conerete of 1 maximum 


all concrete > very ‘little departure, in general, was made 


ily 1 the specified proportions of fine and coarse aggregate. When three sizes 
| reit of ‘coarse aggregate used, the proportions were, in general, volume 
“Ol “of No. 1,1 volume of No. 2, and 2 volumes. of No. 3. age regate, and when only $ 3 
should two sizes were . used the proportions 1 were, generally, 1 volume of No. 1 and 2 i rs 4 
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was of these ‘expansion j joints, in 
- to the so- -called bonding grooves, Fig. 14, a copper | strip, Ye in. thick and 7 in, 
ie was inserted across the down- stream side of the up- stream bonding 
_ groove. . The c copper strip was so placed as as to be free to move with ‘the | con- 
—_— and subsequent expansion, of the adjacent sections of the dam. a 
_ The concrete roadway 8 slab, carrying the brick pavement, and the concrete 


a. iti alks had expansion joints at the third ‘points of each arch span, | , at the § 


_ center lines o of the walls forming the upper extension of the bridge piers, and 
75 at ‘suitably placed locations opposite the gate- -houses and pavilion. In the 
sidewalks. and curbs, Carey “Elastite” was used in the | expansion joints. 

Be Expansion, joints were also provided in the ‘Indiana limestone balustrade 


ia on the bridge as close to all sidewalk joints as the design | would permit, 0 
Eres mortar being placed between the stones at these points, the upper rail being 
“= 


held by 1-i -in., brass dowel pins, 6 in. long. % a 
Coxsrau CTION OF EartH APPROACHES 


et Water Surface 


embankments, Ww a core Ww wall 3 in center of each. the construction of 


the embankments the surface of the ground was : first stripped and all perish 


- able matter. removed, as well as loose stones and boulders. 2 The embankments J 
made of yellow | boulder clay, ‘obtained from and were free 
ay from perishable matter and from stones of | more ‘than 3 in. in their greatest 


Gein.” ¥ On the 1 up- -stream side of the embankments, selected material Was | 

used w yhich would compact and be as nearly water- tight as 18 possible. On ‘the 

on -stream side the requirements as to the ‘materials were less exacting wit 


in certain parts some small stone was placed near the outer face, but ‘not in 
Bercerd and back from the face to allow a sufficient thickness of earth cover- 
Fr rozen materials were ‘not permitted to be used, nor were embankments 


mm: e materials were spread i in approximately horizontal layers not exceeding 
- in thickness and were compacted by rolling w with power- -operated groove 


weighing not less than 2 000 Ib. per lin. ft. of width and not less 


4 wide. af. the ‘materials not sufficiently moist they 


moistened with water 80. as to permit of proper compacting. 


. 


ert ‘The core walls in the approaches began at the outside of the bridge abut: 


S ments and extended ; away from each br idge abutment to a a point 2 20 * i 


Elevation 


bituminous macadam roadways on t ‘the approaches connect with the 


bridge over the spillway ‘and with the relocated roads built to connect with 
existing county highways. typi through one. the earth 
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fab: sulin S ‘Tae Res 
The OQ’ Shaughnessy and Julian Griggs Reservoir are quite similar i in 
eral characteristics, in that both are long and narrow, the main differences ids 
that the O’Shaughnessy Reservoir is deeper, somewhat longer, and 


"pounds about th three times as much water, 
= The total length of the oO’ Shaughnessy 1 Reservoir i is 8.0 miles. At Elevation a 


‘normal water level, the reservoir has an average width ‘of 855 ft.; the 


Bs maximum w idth i is about, 1 900 ft., about 0. 4 mile above the d dam; the minimum | 
width is about 200 ft. at Bellepoint, where the river widens and forms the 
upper end of the reservoir, id 
= 860 


> 


et Above Mean Sea Level 
4 © 
 « 


Flew of slulee gate E|.790 
a Storage not available —59 Mil, Gal. _ 


Elevation of Water Surface in Fe 


10000 15000 20000 25000 30000 40000 509 
| Length of Reservoir Meas red on Cénter Line lof Origina] Bed in Feet __ 


4000 5000 6000 7000 8000 
‘Stora,e Capacity of in Million Gallons 


800 800 1000 1200 1400 
be 


miles. For sanitary, as well as for general control, a wide marginal strip was 
equired by the City on each side of the reservoir. On the » west side, this 

strip has ‘an average width of 227 ft.; on the east side, the | average width is 

; 278 1 ft.; the greater width on the east side being due to the fact that the City ae 
sequired all the land between the reservoir and a new highway built to replace © 

one which is now ‘submerged. On the west side the marginal strip has an area 
of 204 acres, and on the east side, 241 acres, t the total area of the marginal end 
strip ¢ on both sides of the reservoir being 445 acres » OF equal t to about 54% of me 
! the area of the water surface of the reservoir. The total area of the reservoir a 


and the mareteal strip combined, is 1274 acres, or about 1.99 sq. miles. pS 
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0” SHAUGHNESSY DAM AND RESERVOIR 


as ee. On ns west side of the ‘reservoir, about 2.5 miles above the id te 


the 

4d Girls Industrial School, a correctional of the State of Ohio, 

aes for a distance of about 3 200 ft., no marginal strip was acquired, « as the land 


is owned by the State and the City lacked the power to acquire the property 


except | by purchase, % and the State did not care to sell. The City, however, 
a did secure the right to flood the State-owned land, along the river, so as to 


reservoir } has an average depth of 19. 8 the maximum being 
above the dam. The total volume ‘impounde ed at Elevation is. 


5 400 000 000 gal.; of this, 5 341 000 000 gal. are available, taking } low water 


at Elevation 790, or 55 ft. below ‘the crest of the spillway. 
‘The capacity of the reservoir and the area flooded, as well as the length | 

and average width at various elevations, is given o1 on Fig. 24, Table 2 2 giv es 


data of the O’ Shaughnessy and. J ulian Griggs Reservoirs. 


2- —Com M Dara ¢ (OF THE O'SHAUGHNESSY AND 


Length, in miles. 


900 


Area of water surface, in acres i eae | 


| 


841.000 000 1-487 000 000 


ig 


ps ee the addition of flash-boards to the Julian Griggs Dam, an ‘additional storage of 
i 000 000 gal. can be secured in the Julian 


: cor Notwithstanding the fact that the water is purified by fi filtration, it was 


i ‘considered advisable to to grub as well as to clear | the reservoir site, as was done 
& 


in 1 the case of the Julian Griggs Reservoir. Clearing and grubbing, therefore, 
out over tl the whole of the area flooded to an elevation ft. 


round ‘and alte stumps and roots larger ‘than 2 in. in were 
a depth of at least 6 in. below the surface of the ground. In removing 
tumps both dynamite and stump- -pullers were + used. Prior to clearing and 


grubbing, property owners from whom land was acquired, were scemmgamat to 


down and remove such of the timber as they desired. 
2 On the west side of the reservoir the ‘property acquired by the City wat ie 
a bounded by a a highway, and line fences and stone walls were eft i in <s 
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reservoir edge. On the east side of the r reservoir, where the land acquired is ” 
bounded by a new highway, all fences were removed and stone walls leveled. i. 
All material removed in the clearing and grubbing ‘operations became the 
property r of the contractor a and was either burned or - removed | to points 3 outside 
the limits of the property ‘owned by the City. ‘Material was not disposed of _ —_ 4 ‘ 
by throwing it into the river and allowing it to float down stream. n. After t the 
clearing and grubbing had been completed, the entire > ground ‘surface 
burned over, and, to filling the Teservoir, where grass, weeds, | and vege- 
tation. had grown up subsequent to the first burning over, the “ground 
burned over a ‘second time. fio: moda to bua. to 
_ The removal of buildings was not included as part of the work of clearing | 
grubbing, arrangements having been made with ‘some property owners 
for | the , removal: of their buildings, whereas the other buildings were sold, the 


prices paid by the purchasers: including their removal. ait 7 
rom the to the upper” end of the reservoir, on the east side of 


‘ reservoir, there existed county roads: running, in general, parallel to the river. 


| =< 


For much of the distance these roads were at such | an elevation that they 
‘3 would be. flooded when the ‘reservoir was filled, and it was incumbent | on the a 


“City, therefore, to build a new road to replace those flooded. - | On the west side ve 


of the reservoir it was necessary to build a short stretch of new road where an 


existing road. was flooded, above and below Eversole Run, one of the ‘iba 

taries « of the river, and also to build : a second short § stretch ¢ of road from 1 4 
end the dam to an existing north and south highway. At the 
end of of the the earth ‘section started, practically, at the new road. Where 


roads “were built arrangements _were made with ‘the: County Commis 


- sioners of Delaware County whereby the City was to acquire the land for and 
_ build the new roads and then deed them to the County, the County, in turn, | 


deed to the City the old roads which would be flooded. 


ay - The old roads were mainly gravel roads, in some places nearly impassable 


in winter. In replacing these roads the City built. water-bound macadam 

highways conforming, in general, to the standards | of the Ohio State > Highway 
i Department for similar conditions. The macadam surface was 16 ft. in width 
and had a finished thickness, ‘after rolling, of «in. Crush ed limestone, 

a obtained locally, was used. | ‘With the exception of the Rathbone Bridge, men- ae 


tioned later, and the bridge over the dam, the macadam surfacing ¥ was carried 


continuously over the reinforced concrete bridges: spanning the small streams 
tributary to the Teservoir. A total Jength of 7.5 miles of new Toad: was built 
_ by the City. 2 In 1926, the new road on the east side of the reservoir was - taken ’ “a 
_ Over by the State of Ohio and incorporated as a part of the State Highway 


Spstem, it has wi improved by widening the and making it 


ain, 5 


pid alien 
the reinforeed concrete arch bridge. ov over the Gals 
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would hoes bridge w was on a main 


west st highway, a crossing of the reservoir at this point could not be abandoned. = 


bridge, if reinforced. Wishing to use of these trusses in the new 
bridge if economically the specifications therefore were drawn so as ‘serv 
: to permit a bidder to submit a proposal for raising the three trusses a total dals 
aed ‘height of about 35 ft. and of moving them on to new | piers, and then lengthen- ® been 
the bridge by the addition of eight 100- -ft. trusses of similar con- expan 
struction, or of building an entirely 1 new bridge. 4 of wh 
. The low ww bid received, on the basis of using the three old trusses, was for tk 

ss 240. The low, bid for an entirely - new bri ri ridge, with 16- ft. roadway, was invol 
$115 968, “a $120 718 with an 18-ft. roadw ay. The City accepted the bid for powel 


entirely new bridge, with 1 the 18- ft. “roadway. as secur 
The superstructure of the new Bridge of five steel State 
_ : a trusses, each 207 ft. 63 in. in length. The piers and abutments are of con- subm 
Buss, 7 ‘ crete. a The bridge has a total over-all length of 1040 ft., face to face of end above 
and it is the longest bridge in Delaware County. ‘The lower « clear- ‘State 
ance line for = bottom ng and floor members i is 13 ft. 6 in. above normal perm 

water level in the reservoir. ‘The entire structure was built in accordance Was | 
with the @ requirements of the 1918 Specifications g for Highway Structures, hand: 


and the is shown in n Fig. 8. 
the west side of the reservoir Eversole Run, previously mentioned, 


small reinforced concrete bridge was built in connection with the relocation of 


he the county roads, and on the east side of the reservoir along 


eral small culvert bridges were built. 


“Movine Cuurcu CEMETERY sheer 

i ‘Near the upper end of the reservoir was the Scioto ) Valley Christian ‘Union 
Church ‘and the Oller Cemetery. ‘The e church and cemetery served a rural” 
- population and had been there for years. With the flow line adopted for - 
_ reservoir, it was s found that a part of the cemetery would be be submerged + a 
that the church would either have to be moved or a new church built. L > ie ; 
Following a series of conferences with the Church Trustees it was decided 
2 _ to move the church. ok This w was accordingly « done, the City acquiring and deed- 
ag ing to the Chureh Trustees the new piece of property on which the _ church is 


church was a a small brick building, 31 ft. wide re 39 ogy 


found when the Cemetery, ‘Trustees agreed to and io all the 


river_was spanned by a bridge york 
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ge work, the City paying all the bills for labor and material. All told, 99 re- > finer ar 
aT GIRLS Inpustria, ScHoon alt 
dustrial School, a very considerable amount of reconstruc- 
work 1 was necessary. In fact, barring the construction of the dam proper, 
ew ff it was the one most expensive item of construction involved in building ‘the | = 
reservoir. The institution, in addition to housing» the necessary State offi- 

* 

tal dals and employees, houses between 600 and 700 inmates, and for years had 


expanded from time to time and new utilities and conveniences added » some 


n- t been in its present location on the west bank of the river. — ‘It had been 
| 


of which were ‘not far from, and only slightly above, the,: river. The best s site 
vik for the dam was down stream from the school, but the adoption of that site 


vas i involved flooding State property, buildings, and u utilities. _ The City had no 
for & ‘power to condemn State property, so it was faced with the situation of either _ 
ANDY 


 &§ “securing: permission from the State to flood some of the property owned by the | : 


eel State, and replace the buildings | and utilities | which would t be wholly or = 


on- vitiels | or of constructing ‘the dam on a very much less desirable site 
nd [above the school. The City decided to seek permission from the ‘State to flood 
ar State property and bear the necessary cost of replacements. — To secure this — 


nal “permission it was necessary to ‘secure an Act of the Legislature. Such an Act 4 
nee was passed, putting the matter, in so far as the State was concerned, in the 
res, hands of the Department of Public Welfare and authorizing the Director of 3 
dge Public ‘Welfare to make the necessary arrangements with the City. The 
replacements made by the City included the building of a new power 
sewage ‘disposal works, together ‘the necessary connections 


Power House.— —The ‘power was a distance from the river and 


ty 
supplied the institution with light, heat, and water. The building» was a 


and in need of “repair, and some of the equipment was only in fair condition. ; 4 

The site } had | been poorly chosen, as the power house had been » flooded in the "ig 

past with high water in the river. The City built for the institution anew 


power house at a much higher and more location. es 


i=] 


‘new v building and put in running order. er. items of ‘equipment 


wa moved were two 200-h.p. boilers (new brick settings had to be provided), mo a 


ided_ feed- -water heaters, each 6 ‘ft. in by 16 ft. high, two 100-kw. a and 
75-kw. engine generator sets, ‘one panel switchboard appurtenances, 
h is 


400 gal. per min., duplex steam pump, two boiler feed pumps, a hot- water 
Pump, a boiler-room scale, and a rapid sand- filter plant of the wooden- tub 
type; also, such minor & equipment and piping ‘as could be used to advantage. 


While the equipment was being moved, the institution had to be kept’ running, 


ling. and at no time was there any interruption in the ‘service of supplying light, : 
heat, and water to the buildings. It was necessary, however, for the City to 
ever, 


furnish and install in the new power house some new “equipment and material. 


This « consisted mainly of two 0 200-h.p. b boilers | end. a 400 gal. al. per min. duplex Wis 
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steam pump pumping f filtered water, as as some new piping, 
_ connection with the new power house, the City also built a reinforced con- 


erete coal- -pocket « opening direct from the boiler room. 
id After the new power house was in regular service, the old pe mg 
abandoned, the building wrecked and the chimney dynamited. 

Water ‘Supply.— —The institution had two sources of water supply, or one, 

om a sulfur-water well for drinking ‘purposes, and the other, filtered ‘Fiver 
water for general use. With the filling o of the reservoir, the sulfur- water v well 
was was flooded, so the City provided « a new ew drinking- water supply by drilling , a 
well located inside the new power house. The river» water supply was not so 
simple. With the power house, located near ‘the river, the raw- -water 
_ pumps could take water direct from the river without an excessive suction 
“lift, but with the new power house, at a much higher elevation a at a 
- _ tance of about 550 ft. from the river, it was t too expensive to build : a 1 suction 


about 60 ft. deep and ri run a low-lev el conduit to. the r river s¢ so that 


= The solution flee: raw Water was to build « an 
: raw-water pumping station out in 1 the he reservoir 2 and to run duplicate 
s - east- -iron force mains from this station to the ] power house. ‘The substructure 
8 the pumping station was obtained by extending, down stream, one of the 
a piers of the new ‘Rathbone Bridge, the — being one located in the 
old river bed, and constructing in it a suction well and two dry ‘pump 1 wells, 
each pump well being equipped with a horizontal electrically operated cer- 
ihe: pump, automatically and manually controlled from the power house, 
700 ft. away. Each | pump has a capacity of 500 gal. pert min. n. against a; a normal 
head of 42 ft. and a maximum head of 90 ft. 
_ The superstructure of the pumping station is a small brick building, with 
the floor at practically the sa same elevation as the floor of the bridge .ecess 
to the building is direct from the bridge floor. At the power house the City 
‘built a small reinforced concrete coagulating basin, and also 30 a small filtered- 
water reservoir of similar construction. seed byd 4) 
* . Laundry—The laundry for the institution was built on somewhat higher 
- ground than t the power house, but still not ‘sufficiently high to have escaped 
mar ‘partial submergence - with the reservoir full. The building was of brick and 
7 . consisted of three wings, connected by narrow galleries, and had a a total floor 
“space sof 15.820 sq. ft. Below, was a good basement. GOR 
ort | Here, again, it was a case of constructing a new building in another and 


more. convenient location. The new building exactly similar in construc 
= to the old building, except that one wing was omitted, thereby reducing 


the floor » space to 10540 sq. ft. In lieu of building the third wing, the e City 
did certain additional work at the new power ‘plant, which the State desired, 
and other than that which the City would have had to do simply to supply t the 


4 State with a new “power plant equal to the old one 


= ot All the laundry equipment w: was ‘moved from the old building to the new, 
ae larger fixed pieces consisting mainly of four washing “machines, three 


wringers, large dryer, starch machine, water heater s dry tumbler, large steam 
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26 ironing boards, and 21. electric i irons and stands. those 


~— which were portable, a total of 139 pieces of equipment were moved. Further, — 
‘> all the radiators and steam piping, electric and plumbing fixtures, were moved 

to and installed in ‘the 1 new building. pis At no time was laundry work 
- shut down, partial operation having been maintained _— in the old building © 

ver * After the 1 new leundey wes in service the State took down the old building — 

well ie’ alvaged much of the material, with which it constructed another build- — 

ga somewhat smaller, however, than the old laundry. SE 
so Sewage- Treatment Works.—Prior to the construction of the reservoir the 
ater sewage from the Girls Industrial School flowed by gravity to and through 
‘100 > sewage treatment works, consisting of a screen chamber, a flat- bottom, rec- - 
dis- “tangular se septic . tank, trickling filters, and intermittent sand filters, the effluent _ > 
tion being discharged directly into” the river. These works ‘were ‘at such an eleva- 
that “tion as to be flooded by the r reservoir, so new treatment w vorks, at a higher | a 
1 be devation, had to be built to ‘replace the old ones, 
new treatment w orks consist of a screen chamber, pumping station, 

ally septic tanks, -sludge- drying beds, a dosing chamber, and intermittent sand 
cate filters, constructed in accordance with plans ‘approved by the Ohio Department A” 
ture x of Health. © The effluent is discharged i into the reservoir about 3 ft. ‘welow" full 
the reservoir level. The works were » designed to treat the sewage from a popula- 

red 4 The screen chamber is a small rectangular structure, 3 by 5 ft. in plan, 

om e and is fitted with a bar screen, the bars being spaced | 1 in. _ apart in the clear. 
From the screen chamber the : sewage flows an automatically ‘controlled 
‘mal pumping station of the pneumatic ejector type. The ejectors are in 
a of the Shone make, each ¢ ejector having a capacity of discharging | 150° gal. at 
with ft each operation, against a total head of 20 ft., and at least once a minute. The 4 
cess air compressors, of which there are two, are horizontal machines, 6 by 5 5  in., 
City” and of the double- acting, single- cylinder, crank and flywheel ty type, each com- 
red “pressor being driven by a 5-h.p., 220-volt, direct-current, 1 200 rev. per hin, 
df - electric motor. The air receiver is 42 in. in diameter and 96 in. high. _ The 
gher equipment is housed in a small brick building, the ejectors being” in the 
ani J} From the pumping station the screened sewage is pumped to 3 a battery of 
floor three hopper- bottom septic tanks: Each tank is 12 ft. s 1 d 13. 
ae quare in p an an 

yee? ® deep from the flow line to the bottom of the hopper. . Sewage is admitted at’ ah 
and one side of the tank, at the top, and is taken out at the opposite side. Scum- 
_ boards are provided 3 in front of both the inlet and outlet weirs. . Running to 
cag the bottom of each tank i s an 8-in. » cast- iron, sludge discharge pipe so that 
City can be withdrawn without unwatering the q 
ined, Septic tanks were chosen for | ‘simplicity ‘in operation. ‘The treatment works 
are in the country, at a sufficient distance from the nearest 
School, as well as being screened from these buildings by a heavy thicket 
large trees, so. that the ‘question of possible odors, could be neglected. 


ao? lanned to ‘be operated in rotation, that is, in so far as the wae 
of sludge i is concerned When the e sludge the bottom “of” 


% 
7 
> 
— 


then withdrawn and the tank put back in service. second tank is then 
am removed from service and allowed to stand idle, and, finally, the. third tank, J 
& and so on in rotation, In other words, two tanks are ‘sufficient for sedimenta- 
tion ‘accumulation, the third tank serving as digestion 

th hi ‘om the sidiie tanks sludge i is first drawn into a sludge otein and then 

from it to the sludge- arsine: baie, These three in number, 
area is 2100 sq. ft. The are of 9 in. of sand, 

Ported, by screened gravel, and are -underdrained with 6-in. tile pipes. 


From the septic tanks the settled effluent flows to and through a dosing 

chamber and thence to the intermittent sand filters. dosing chamber i is 

12 ft. wide by 18 ft. long and 3.5 ft. deep, i is covered, and is fitted with four 

automatic timed siphons for dosing the filters, each siphon being 80 
as to on to one of two filters. 

1 i e sand filters, of which there are eight, are each 69 ft. square, ‘i. oe 


sa pe area being 38 088 sq. ft. The banks surrounding the filter area and sub- 


di viding it into the eight beds are of earth construction, seeded and - sodded. 
The filter sand is 30 in. in depth, the effective size » being between 0.3 and 0.45 

mam. and the uniformity coefficient not exceeding 2, and is supported on a bed 

of clean gravel in which 6-i in. tile cunder- -drains are laid. 


After the new treatment works “were in operation, the old works: ‘were 
abandoned and material | from them was by the State in 


on ‘grounds o! of the institution. lator Peni 


a ie There were three distinct steps in acquiring the land for the O'Shaughnessy 
a te ‘Reservoir. _ They were, first, the determination of the amount of land to be 


taken every riparian property affected by the reservoir project ; second, 


the securing of a a fair -appraisement of the land and improvements to be taken 
a foe, of flood rights, and of the damage to owners resulting: therefrom; and, 


ry 


The crest of the spillway, maximum depth of 
as water which it was assumed might | pass over the same, plus a reasonable addi- 


tional -unflooded strip. of land for protection and control fixed, i in a general 
‘ata way, the elevation of the taking lines on riparian properties. . The city ‘pur 


chased. the records of the Franklin County, Conservancy District which con: 


: sisted of all the data collected in connection with the study of flood relief for 
aie the Scioto River Valley, following the great flood in March, 1913, and the 


"topographic. maps of that section of ‘the Valley embracing the proposed reser 
a voir site were e used in a tentative determination of taking lines on the various 
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= of f the properties and of the tentative taking lines. The final taking i 
-_jines were then established, taking into account the relocation of roads on the ~ —_ 
east side of the reservoir and the requests of Various land owners: when 
‘the interests of the City were not t prejudiced thereby. Complete pr property m7 of 
were then made, which showed for each property the total acreage, the on 


acreage to wachnapeles taken, and the location | of the improvements o on the property. 7 


the p property had delegated. 

_ The first step taken by the City ‘Attorney 1 was the sua x ac 
Board of "Appraisers. _ The City of Columbus i is in ‘Franklin County and he 
O'Shaughnessy Dam and Reservoir - in Delaware County. “Five 
wore selected, four Delaware County and one from Franklin County. 
“The importance of having a competent appraisement made i is reflected i in the = 

fact that in the purchase of the 56 tracts” acquired by the ‘City, were 
acquired | by negotiation at close to the appraised value, the other being taken 
to Court where a jury fixed the price within 1% of the’ appraisement. aytork 

a ‘The appointment of the appraisers and the fixing of their idee b> 
was s authorized by an ordinance of the City Council passed January 9, 1922. A? = 

2 first tract of land was purchased on May - 15, 1922, and the last tract ‘on a ; 
September 23, 1925. maximum price paid for land was $175, a 
minimum, , $60 per acre. The land gy were made by Messrs. Charles 


“mick, Assistant. A summary of cost t of the reservoir sub- 
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The total cost of the O'Shaughnessy Dam and exclusive of engi 
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HE o'SHAUGHNESSY DAM A “Papers. 
tribute the cost of engineering over the several parts of the work, as it 
is believed | that the costs as presented are of greater value than if they 


oo 


ei included a percentage for engineering, which, at best, would have to be — 


j 


West approach, 408 lin. ft.. 580 | 
Hast b dge abutment, 63.2 lin. (18 440 
West bridge abutment, 63.2 lin. ft 15 670 
Bridge over spillway, 879 ‘lin. n. ft. 181 530 
| g 690 5 1ron 
407 O80 lt 
und 
Clearing and grubbing, 741 820 of e 
Relocation of roads, 7.5 Shes -| 283 050 a ia pay 
Rathbone Bridge, 1 046 lin. ft....... | $100 110 
"Conduits, sewers, and miscellaneous............... 89-980 292 B80 


On the basis of a total available storage 5 341 000 000 the 
3 4 dant! and 1 reservoir, including the land, cost $416 per 1000000 gal. available 

ea: ae, _ capacity. In Table 5, the cost is subdivided under the headings’ of land, dam, 

a a and reservoir; similar costs are also given, , based on the total capacity of the 


_Feservoir. The difference in cost 1 per 1) 000 000 gal., between that based on 


ws available. capacity and on total ‘capacity, is just about 1 per cent. a ig 


Due to the fact that other engineering work wa ‘being designed and 
structed under the supervision | of the engineering organization that had 


: charge ¢ of the design ‘and construction of the dam and reservoir, an and at the 
time, it would be exceedingly difficult to distribute accurately the cost 
7: engineering to the dam and reservoir and to this other work, notwith 


standing that each assistant was required to keep a record of his time. 


‘Pape 
4 
— «CDVy dif 
also 
work 
im 
if 
i 
| 
| 
ae 
‘Engi 
“Bo 
a Pa 
— 
— 


8. 


neering 


and reservoir an 


ic) 


under the genera 


S 
8 
D 


f engineering............. 


is possible, how wever,, ‘to: give the t total cost of engineering on the dam 
d the other work referred to, which consisted mainly of the 
enlargement of the water-purification works and the laying of additional ‘cate ao 


iron pipe lines; and it may be said that all this other work would be classe } 


the ‘Percentage for engineering amounted to A distribution on. of the 


of engineering ‘under the headings of borings and sub- surface investigations, ' 


pay-roll, supplies, and e¢ expenses is given in Table 6. 
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general charge and supervision of the 


1 head of water- r-works construction. n. The total cost of engi- : 
was $324 810, and, based on a total cost of construction of $3 217 440, a 


Cosr PER 000 000 LONS. 


Total ‘capacity, Availablec capacity, 
5 400 000 000 gal. | 5 841 ee, 


bo 


215 


Le 


based on total 
‘Cost. 
cost of construction 


Somat 


—Cast-iron force mains 
Cast-iron distribution main 
Miscellaneous......... 


0" Shaughnessy Dam and Reservoir 
Enlargement of water-purification works.. 


84050 
| $8 440 
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As stated at the o beginning of this paper, t the construction of an additional 
a and reservoir to o provide enlarged storage of raw water was recommended 


® by one of the writers in a report dated August 2, 1919. At a general election 
os held on November 4, 1919, the issuance of bonds i in the sum of $3 000 000 for 


improvement, ‘together with - the extension and enlargement of other 
of the water-supply system, was approved by popular vote. 


hs On March 15, 1920, the City Council passed | an ordinance 1 which provided 
4 for the issue inde ale of these bonds, and on April 12, 1920, an ordinance was 


passed which provided for the establishment of the Bureau of Water- “Works 


een in the Division of Water for the carrying out of these improve- 

‘The selection of the site the new dam was made after six 


- prospective sites between the Village of Dublin and the Powell Road Bridge 


‘The contract for “The e O'Shaughnessy Dam and Appur 


tenant ' Works” was awarded on J une 6, 1922, to the Thompson: Starrett Com- 


‘pany, of New York, N. Y., at an estimated cost of $1165 511. About two 


weeks after the signing of the | contract, the clearing and grubbing « of the site 


and the erection of the contractor’s plant were started. The first concrete was 
_ poured | on November 1, 1922, and the dam and bridge were completed and 


ready for use on June 1, 1925. is sic? , PLES raw 
Construction of the was” carried on with the con construc: 


, and all the work was practically completed by October 4; 1925, 


o1 or PRINCIPAL Dara Rezatine TO THE QO’ SHAUGHNESSY | 


For convenience of reference the principal data siliiiaias to the dam and 
Date of construction........... 1922-25. 


- Total length of dam, in feet...... 
: ih =i ‘Length of masonry part of dam, in feet. 

: Length of earth approaches, including concrete abut- 
Height of spillway above low water in river, in feet..... 
Height of dam from rock foundation to crest of spill- grasa ne 
of dam from to level 
feet .... 105.2 25 
Height of roadway above spillway, in feet. OL. 


Maximum width of dam at base, in feet.............. 


ve 


flood capacity of spillway, in cubic 


110 000 


Paper 
466 
— 
— 
— 
cipal 
— 
> 
— 
ont 
‘he 
| tur 
q 
the 
ges ity, reservoir full, in gal- oo 
— apallable. enpecity, full, in gal 


Average depth of water, reservoir full, 19. 
Maximum depth of water, at dam, reservoir full, in feet th 69 


of reservoir, in miles...... 8 


mii 
ae width of water r surface, reservoir full, in feet. . math pute 
of water surface, reservoir full, in acres. 


Area of land cleared and grubbed, in acres. 

Area of land purchased, in acres. . 


a. Total cost of dam and reservoir, ‘exclusive of ‘engi: 


; The dam and reservoir were constructed mainly by contract work, the 2 prin Es 


ove- 
cipal contracts: and names of the contractors being as follows: 


0 Shaughnessy: Dem ... = hompson- Starrett Company 
Diamond drill core borings. .....Giles Drilling Company 


Replacement of buildings... - Mi ddle States Construction Company 


ds 
was gtructures Construction. Company 


and Replacement of boilers... -Heine Boiler Company 
equipment ...... ...Factory Engineering and 


Eversole Run Bridge. .......Uncapher, Wooley, and Gillespie 


Southwest portion........ livingston and Company 
| wil In the construction of. dam, the Thompson- Starrett. was” 
epresented by Loney, M. Am. Soc. C. E., Vice- ‘President of the Com- 

pa any, and i in the | moving and replacing of « equipment and miscellaneous struc- 


tures at the Girls Industrial School, the Pitt Construction Company was 
1.25 represented by E. D. Harshbarger, Assoc. Am. Soc. C. E., President. In 


the clearing» and grubbing, J. ‘Livingston and Company was represented by 
Fletcher, ‘Affiliate, Am. & Soe. ©. E., Resident Manager. ad 


the in paper it was necessary to 


Fc mply with State Statutes, with the City Charter, and with City Ordinances, i 


all of which. specify t terms and conditions ¢ governing ‘the expenditure of alte 
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"funds. . The Legislative Acts: required to legalize the c carrying out of the work 


“ond to both and disburse the necessary funds “were, as follows: 


“eon To authorize agreement with the City” to flood State prop- 


— the i issue sale of bonds. 


authorize the acquirement of Spr 


Res lutions by City Council: 
submit plans to the State Department of Health. . 2 


Errror OF ADDITIONAL» SroracGE on SorrENING oF THE WATER 


The: rey O'Shaughnessy Dam was completed Ju une 1, 1925 - From May 1 to 
October 31, 1925, the average daily flow of the Scioto. River was 36 000 000 
gal and the average daily \ water demand of the city | 27 500 000 gal. _ The flow 


-? the e river during 1925 was below normal: and would have been a ‘good year 


for showing the effect of storage in reducing ‘the hardness the raw water. 
__ However, the dam was not completed i in time to permit the pte of the soft 
flood waters of the late winter and early spring months. — ‘During 1926 the 


- average daily flow of the river from May 1 to October 31 was 630 000 000 g gal., 


od was 29 000 000 


7 2) “Consequently, 1926 was not a good year to show the e fect of storage, but 
it is the only year for which data are available. : bot: 


At ‘the end of the O'Shaughnessy Reservoir the influent is made up 
m Mill Creek, a oa ip having a water-shed of 186 sq sq. miles, 


with Mill ‘Oreck. The water- the reservoir is, 
¥ therefore, 956 s sq. . miles; and for further reference it should be stated that the 


a Scioto River has a water- shed of 988 sq. 1 miles at the O O’Shaughnessy Dam, 


ee 1 052 sq. miles § at ‘the Julian 1 Griggs Dam, , and 1076 sq. miles at the water 


eri ‘Daily samples of water, collected from Mill Creek and ‘the Upper Scioto 


os were ‘analyzed. for mineral ‘content, and the average values ¥ weighted on the 


basis of water- sheds, The average total hardness of the raw 
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“reservoirs 

storage capacity of 7 120 000 000 278 parts per million, 

of 35 parts per million in total hardness. During the same period the: 

-_yaw-water draft for City was 8 911000000 gal., and for (1926 the 
av erage cost of chemicals for removing 1 part of hardness Sie 1000 000 ¢ gal. 
of raw water was $0. 104. The he apparent saving in | the cost of of chemicals used i in 
water softening resulting from storage during the period mentioned, therefore, 


may | be said to be 3 911 b 4 35 x $0. 104 = $14 200. Additional data, which are — 


INGINEERING RGANIZATION 
‘The engineering work wa out by the Bureau o of Water- ‘Works 
Extension, a temporary bureau created i in the Division of Ww ater and Sewage _ 
Disposal by ordinance of ‘the City Council. The bureau began to function 
on n May 1, 1920. the three writers, John H. Gregory, Am. Soc. OC. E., 
¥ was Consulting Engineer, and C. B. ‘Hoover, M. Am. Soe. C. E, Engineer i in 
Charge, of the Bureau; C. B. Cornell, M. Am. Soe. C. E. , was Construction 
; Engineer i in charge of the work at the dam and reservoir. Following the death — 
f of Mr. J erry O’Shaughnessy, Superintendent of the Division of Water and 
Sewage Disposal, “Mr. Hoov er ‘as appointed Superintendent of the Division 
‘on December 1, 1921, and, in addition to his duties as Superintendent, con- Se 
tinued to serve as in | Charge of the Bureau of Water-Works Exten- 
- sion un until October 1 , 1925, when the work of the Bureau was s practically - com- 
5 aged . For the hag two years, A. R. Holbrook, Assoc. ©. Am. Soe. C. 7 
Was Office Engineer, and following his resignation he was succeeded by 
J ohn Prior, M. Am. Soe. Cok ~The reservoir surveys were in charge | 
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rk | water inflow into the O’Shaughnessy Reservoir, from May 1 to September 10, 4 7 7 2 
ff 1926, was 318 parts per million, and the average hardness at the intake to /_ iia 
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AMERIOAN OF CIVIL ‘ENGINEERS 


TUTED 1852 


Society is ‘not for any “statement made or ‘opinion expressed ay 


HE TREATMENT OF THE WATER SUPPLY OF T 


Cuaruzs P. Hoover.t 


A on of construction features of the Water Softening and Purifica- 
“tion Works « as originally built at Columbus, Ohio, will not be given in this — 
Paper. ‘This has been donet by ‘John H. Gregory, M. Am. Soe. C. E., who 


was Engineer in charge of the design of the he plant. © Operation and new a 


tures only will be discussed. 

J - Prior to the time the Purification Plant. was built, the water supply o of a 


Columbus was not safe for drinking. It was badly polluted with sewage, 
always turbid, and, following heavy rains, ‘extremely muddy. The turbidity 


of the Scioto River averages 75 parts per million. During floods this rises a 


— 2250 parts: per million, meaning, that a day’s supply carries from 200 to 300 -_ . 


‘The bacterial count (37° cent., 24 hours) averages 5665 per cu.cm. The 
. B. Coli count sometimes reaches 100 000 per 100° cu. cm. In 1908, the typhoid 


year there were 1 500 cases of typhoid. oe oat 


original supply of water was unsatisfactory 4 
Purposes because it was highly mineralized. average hardness of the 
present raw water from 1909 to 1926, inclusive, was 272 parts per million, with 


maximum of 495 parts per million. This hardness is to calcium 


carbonate, "magnesium carbonate, ealcium sulfate and magnesium — 


NOTE.—Written discussion on this paper will be closed in August, 1928. gio ai 
et = Presented at the Fall Meeting of the Society at Columbus, Ohio, October 12, 1927. 
+ Chemist in Chg., Water Softening and Purification Works, Columbus, Ohio. 


“The: Improved Water and Sewage Works of Columbus, Ohio,” by John n H H. Gregory, 
Am. Soe. a E., Transactions, Am. Soc. C. E., Vol. LXVII (1910), » 206. ; 
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war SUPPLY PURIFICATION, COLUMBUS, OHIO 


in boiler tubes and hot- t-water heating ‘systems, resulting in large heat losses. 
‘They also re-act with | soap to form : slimy, insoluble compounds, which « can be ) 
in the water before lather begins to form. Soap has no cleansing action 


“until it lathers, therefore, much of it is wasted in hard water, aie a 
Before ‘the water supply of the city was softened, cistern water was 


almost generally for domestic purposes. More than 17 000 cisterns is were i in 


use in Columbus, when the municipal plant was built. Cisterns ar are only 

: makeshifts for a a suitable municipal water supply. ‘The water in them i is s hardly 

ever adequate, an and is almost always dirty and, sometimes, not even soft. ¢ They 

Water from individual private wells w was s used for. drinking p purposes, but _| 

ag _ many of these wells were contaminated with sewage. - They were condemned 


ads oi Board of Health after the Purification Plant was put into service. as 


“At the time (1904) an plant being designed, ‘only’ two large 


mechanical water filtration plants of concrete construction were in operation, 


one at Little Falls, and one ¢ at New Milford, Valuable and helpful 
experimental work on water purification had been done’ by George W. Fuller, 


7: M [. Am. Soe. C. E. - Who was one of the consulting engineers on t] the design of 
the: plant, : at Louisville, Ky., and Cincinnati, Ohio, on the treatment and filtra- 


ox _ tion of water,* but no large combined water-softening and filtration plant had 


_ been built. 17 There was | little or no precedent to follow. Under the supervision — 
| iit 


of George A. J ohnson, M. Am. Soe. _C. bottle and barrel water- softening 


experiments were made at ‘the Sewage Testing Station. The results 


CA of these experiments were used as a guide in the design | of the plant. ‘The 

EB. * demand for the new plant ‘was so urgent that there was no time to investigate 
the ‘Columbus: problem extensively, a as wa s done at Louisville and Cincinnati 


tion. The design was so elastic that the operating process could be modified 
without making» elaborate _changes. ‘Numerous p places for applying the re 

es chemicals were provided. The water ‘could be separated and treated in por- 


tions, also. the time of mixing g could be varied. mixing and settling 
et basins could be operated i in series, or parallel, or in | series parallel. Raw water 
could be applied at many points to correct for over-treatment. 


‘ ee Asa result of this flexibility, after twenty years of continuous use, the plant 


= being operated | as effectively as the most recently built plants. ‘a No extensive | 


oe costly additions and changes have been required to accomplish this; it has 


Ke * Report of Water Purification at Louisville, -Ky.; and Report of Water Purification at 
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8, changes, or enlargements. The 


frien has been shut down completely only, once since it was put in operation 
in 1908. This was n necessary during the 1913 flood, when one of the force 
mains, laid in the river bed, washed out, it impossible to main-— 


hours. 


of the plant was also complicated because the Scioto River, 


from which Columbus 1 takes ‘its supply, is is very flashy. It i is sometimes | 


sometimes muddy, : sometimes soft, and sometimes hard; and as the a 


works is not provided with large settling basins, | in which to store raw water 


to equalize these fluctuations, the plant must take whatever i is oven 3 in the 
‘a river. Table 1. shows the fluctuations in the 
TABLE 1. —CHARACTER OF Scioro ER Waren, 


Non- carbonate 


48 | | | 
was known those who designed the plant that sudden 
3 in the analysis of the raw water would occur. _ Specially designed and readily — 


ads ustable devices, capable of feeding small and large rn of chemicals, 


These sudden changes require 
properly. A chemist is “kept on duty day and night tests once very 
f hour. At plants where only coagulation and filtration are practiced a change 
in the character of the Yaw water coming to the plant not present as 
2 serious a problem to the operator as it, does at a water- softening plant. — In 
‘the former it is only necessary to increase the application, of the coagulating 
re-agent ; whereas, at. a water-softening plant, it not only necessary 
Pe Increase ‘the application of the nial re- -agent but also to. diminish the a 
gives the water a caustic reaction. The 
of too a quantity of ‘Time may prevent the coagulamt from 
com ompletely precipitating, resulting in the passage of alum floc through the 
filters and the production of a turbid effluent. Lime, u nless added in | exactly 


the right quantity, may be be detrimental to clarifica- 


(nan 


The ‘tone: from the river (Fig. through. sereens suction 
‘val om th the well it is ‘through a 
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‘compartment at the Purification, W orks. Here, it is” divided 
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bafiled mixing tanks ond. the ‘other part, to is ‘the entire 

“of lime, soda- ash, , and alum solutions necessary to soften and clarify | the entire 

supply, flows to mechanical mixing tanks. ‘Tak ote 


portion of water receiving the chemical is mixed for abou at 10 


ical between the chemicals to yater and “the mineral salts 


already present in the water are effected. _ This reaction results in the forma 
tion of an extremely heavy gelatinous: precipitate, which | is largely due to the 


mass action effect of over- -treatment. Under these circumstances the mag-_ 


nesium compounds present in the water are r ‘readily precipitated. Lime com-— 
bines with magnesium to form “Magnesium hydroxide, a bulky gelatinous a 
cipitate, which coagulates as readily as the precipitates formed by sulfates at 


alum or ‘iron. It is, however, extremely difficult to precipitate “magnesium 


unless excess lime is applied. This i the reason why is 


over-treated portion of the water, with | floc already formed, joins the 

other portion of untreated raw water at the entrance of the baffled 


tanks, and the two are mixed together for about an hour. be sia o 


having already | been started, further floc- forming reactions take place readily 


in the baffled mixing tanks. The size of the floc grows as the water a over ¥ ee 


af From | the bafited 1 mixing tanks the w rater flows to the settling | (Fig. 
- | They are six in number. The mud and precipitated chemicals settle te 


the bottom of these basins, practically all of it being removed it in the first two. 
It is 1 necessary to wash these basins every three or four weeks. | The last four a 
basins are washed only once or twice a year, OF 


_ Just before the | clear softened water leaves the settling basins, 


dioxide. gas is applied i in order to neutralize any excess lime. wit also converts” 


the normal carbonates to bi-carbonate form. This reaction the water, 


and prevents after- reactions, or deposits, in ‘the filters or distributing system. 
After « carbonation, the water discharges from. the settling basins into the 

_ Here, it is filtered through 24 in of sand and 18 in. of gravel. As it 
“echarges from the filters into the rebeony water reservoir a small quantity of ; 
chlorine ; gas is added, the quantity y averaging only 0.15 parts per million. The nai 4 
Mater meets the U. Treasury standards for bacterial purity without the 


a 


‘tonal ‘From the filtered reservoir ‘the 


S, OHIO g 
— 

q 

Re 
| 
carbon- — 
uP 
water is pumped by means 
the consumers. q 
@ Lime is water ws DU as been discovered 
that, when added in sufficient quantity to produce residual or excess lime so 
(caustic alkalinity), it kills intestinal and pathogenic bacteria, rendering the 


on 


[Papers, 
The lime- process “also increases the sedimentation 


a] because better coagulation is effected. yi The bulk of the precipitate formed by 


the softening reaction is about twenty times as great as could be obtained by 


ordinary coagulation Processes. This large, bulky precipitate o of calcium car- 
? bonate and magnesium hydroxide « entangles fine particles of suspended matter, 


bacteria, and other impurities in the water, and settles very rapidly. | od! t 9 


Lime-softened and ‘settled water is low in turbidity , color, and organic 


, ‘matter, these. having been absorbed or. r dragged down mechanically by the pre- 
4 -cipitates. In addition, the water will be free from objectionable gases, such 


as carbon dioxide and hydrogen sulfide, these having been neutralized. — The 


riddance from bacteria, turbidity, iron, color, « organic ‘matter, and dhinetieall 
able gases by lime treatment, lessens the cost of filtration because filter runs 
are long, and filtration areas may be reduced. ti 


"Lime softening is well adapted to the of a ‘polluted hard water, 
oar as is treated at Columbus. It is possible during flood times, when tastes 


and odors are feared, _ to produce a satisfactory potable water without havi ‘ing 
PPLICATION OF CHEMICALS To W 


The lime, and alum . are now applied to the _water at 


> 


order to po a saturated water containing 60 grains of calcium 


ae gal. - This saturated lime water was then mixed with 50% more of ‘the 
raw water, making a total of 75% lime- treated water. The soda cash 


jul 
a mixed with the remaining 25% of the raw water for about 20 min. a 
then mixed with the lime- -treated water. This was” ‘given up because it wes 


It that considerable lime Ww as lost in the sludge, 
Dee: ‘deposited i in the bottom of the saturators. - ‘There was no noticeable advantage 
“4 in treating the water "separately with lime and soda ash and ‘then _ mixing the 


two. waters together. The resultant reaction. is s the same when they are 


of raw water with a giv en alt chemicals will be reduced more 


‘There is a ‘general belief that ‘the use of chemicals for softening water is 


~ not desirable. There is usually prejudice : against it. WwW herever water-softening 
F plants h have been built, this prejudice has been almost entirely overcome. . The 


citizens of municipalities operating a a water- softening plant, especially is 
those cities where water softening has been ‘practiced for some years, I now 


nderstand that the water is. not ‘ “doped”. They have learned there is “Tess 


mineral | matter or chemicals: in the ‘softened water ‘than in “the raw water. 


as _ The chemicals, which are added in order to soften and purify the water, com 
ith | the soluble mineral salts already present in ‘solution, and new 


Papel 
= 
| 
rally 
1 
plied 
Tite ane 
i 
— 
| 
— 
— 


Fic. 2.—VIEw or SETTLING BASINS, COLUMBUS, OHIO, WoRKS. 


itage 
y the 


are 


4 


RIFICATION, COLUMBUS, OHIO 
ving 
com: -—VIEW OF INTERIOR OF FILTER RO 


4 


G 


isol 


— 


j 


OF 0 on TaAsTE or WATER 


affect ‘the palatability of water! This question is often 
asked and it is necessary to explain that all waters do not taste exactly the 


tal 
has a more pronounced taste den water free from these 


vie | there should be no difference in the taste of softened carbonated water 


“and that o of a natural water of the same hardness. Also, there seems to be no 


¥ evidence t to support the ¢ contention that the ‘removal of salts makes 
water e either more or less healthful. ae BE 


or THE Sopa- ASH Process or Sorte 


‘ness salts in the. water, is s not entirely insoluble. 3 Seiden it is s impos- 

sible to reduce the hardness to much less than 35 or 40 parts per million with 

lime and soda- ash treatment alone. o reduce the hardness to this low figure 


has been the experience at Columbus that hardness has been 
reduced to about 85 parts per million, the cost of further removal of hardness 


is ; proportionately cones This is due to the difficulty ¢ of precipitating mag- 


Methods for further reducing hardness by high temperature, ex excess 
ical treatment, split treatment, addition of aluminum salts and excess lime 7 


‘neutralized by carbonation have been described elsewhere by the writer. Ra 


me-softened water is a saturated ‘solution of calcium carbonate, and like 
saturated solution is, of course, not stable. . Difficulty has” resulted from 
the deposition of calcium and magnesium scale in the filter sand a at the plant 4 
“and i in the p pipe , system of the city. dit has long been known that carbon rT. 
to lime “softened water would stabilize ‘it, because it re-acts with the 
_ slightly sol soluble non- -carbonates and changes ‘ them to high ‘soluble bi- carbonates, 


a For some e time ¢ doubt v was ‘felt : as to whether ¢ or not carbon dioxide e was the 


>) 


acid could be fou und, which would mono- 
_ but precipitate all or or part of them, there would be produced a stable water 

and at the same time a ‘reduction i in hardness. 

Experiments wi were made with sulfuric, silicic, boracie, ‘and 

phosphoric acids. Among all these, phosphoric acid seemed best, but, 


8 iven \ up because of its cost and an after reaction, which developed when ‘the 


Water was heated. Many different methods may be used to produce | -carbon- 
- dioxide gas, and several inietlactls may be used to apply the gas to water. These a 
The American City, Vol. XXXVII, 1927, oth 
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* Crystal alum purchased in the open market. 
+ Cost of materials. Sulfuric acid cost $14.63 per ton, f. Ba) 
$14.96 per ton, f. b. Columbus, 1926. in 
§ Liquid chlorine. 
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WATER | SUPPLY PURIFICATION, COLUMBUS, OHIO. 
were jmventionted over a period of seven years. before tasting the design of 


the carbonation plant, which has" now been built. 


on 
Carbonation o of a softened water makes ‘it resemble. natural water. if a 
~ sample of lime-softened water | "were re submitted to a chemist for analysis, he 


= The results of his analysis would > 


yas 
show that the water was different from natural waters. -< Tf, however, a sample 
of lime- -softened water that had been | carbonated were submitted to him, he 
could not tell the source of the water from the results of his analysis. This 


vr water would be similar in all respects t to any natural water of similar hardness. 
--_Tt should be understood that the recarbonated water does. not contain any 


- free carbon dioxide, as only a sufficient amount to combine chemically w with 


the normal carbonates i is added, “consequently carbonation of water as prac: 


tised at Columbus should not make it corrosive. Be 


‘The ; results of operation and quantities and cost of chemicals used, are 
given in Tables 2, 3, and 4. Table 5 shows the cost of treatment per 1000 000 
gal. and the cost of removing 1 part per million of hardness from 1 000 000 gal. 


‘Fig. 4 ‘shows the reduction. in typhoid fever after filtration. There were 


‘Rie five. deaths from typhoid fever during 1926, three of which were resident and 
+3 two non- -resident. Assuming the population t to be 285 000,* would give the 


a total rate from typhoid fever of 1.7 per, 100 000, ‘a resident. death 


rate « of 1.0 _ 100 000, and a non-resident death rate of 0.7 ee 100 000. ‘tie 
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Filtration te After | Filt trat 
Fic, 4.—REDUCTION IN TYPHOID FEVER DEATH RATE IN ‘CoLumsus, , OHIO, BEFORE 


ored in « canvas 
bags. In gy to it increase the storage to lessen’ 
eost of handling ‘the lime, a a concrete s storage bin was built. Lime i is 


into by : a “conveyor. cross- conveyor carries it to daily supply hoppers. 


* Bstimate made by Ohio ‘State ‘Bureau of Vital Statistics. 
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scales, it into solution tanks from 
it: is fed i into the water through a chemical feed ‘regulator. pee 
- Alum Made at Plant.—It will be noted by examining Table 3 that whereas - 
the. cost of lime and soda ash has advanced since 1915, the price of alum is 
lower. The reason for this is the ‘manufacture of alum at the plant. 
spe Bauxite e and sulfuric acid ar are boiled i in lead- lined tanks until | a basic solu- 
ape 

(usually enough water is added to iaealiaa’ 500, gal. of the solution, a 
to 1 ton of 17% Al,O, : alum), and measured as needed into alum solution — a 


tanks. it is diluted sufficient water to a ‘standard | solution, 


“tanks, an -alum- -measuring one ‘measuring , storage tanks: 
sulfuric acid, a a pulverizer for bauxite, conveying, —— and eal 
machinery, bauxite storage bins and weighing device >» 

gs, is io shown in in 5. liv 
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Recarbonation Plant —The -making and distributing plant consists of 


Six principal parts (Fi ig. 6), a a gas s; producer, a gas burner, : a return tubular fe — 
- boiler, a steam-driven air compressor, a combination scrubber and drier, and a ie 4 


| 


"diffuser, In operation, ‘coke i is burned ; in the gas producer, which i is a closed — 
furnace with a controlled air supply furnished by a a blower. The products « of 


air and bumed tc to complete combus “under a boiler. The steam 


‘ combustion pass from t the gas producer to a gas burner, where they are mixed . 


duced in this boiler is used to drive the a - compressor and blower in order a m ; 
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a 


a of the pumping s station and the : ‘steam ‘produced i is s connected to 0 the m main ‘steam 
F line. It has been found that a small amount of steam from the main steam m line 


the water to be Making gas will 
be it under a boiler, is perhaps the teat economical method of producing earbon- 
dioxide gas. The steam generated is readily available, a and it is possible to 


_ produce a gas containing as much as 17 or 18% of — diox mide, thus cgoante 
an air compressor of only one- four 


“igus Enlarged. —In 1923 ‘the plant was enlarg 
9 000 000-gal. per r day filters and ‘the capacity of water reservoir 
was increased ya 10 000 000 to 16500000 gal. | With this pent it 


is is possible t to o soften ar and iihee 66 000 000 oath per day @ at  Columbu 
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PAPERS AND DISCUSSIONS 


Tate ‘Society is responsible for any statement made or opinion expressed 


results” by experiments with those obtained by 
calculations. | . Unfortunately, the opportunity did not present itself to rebuild 


the apparatus in order to produce better results and as such an opportunity | = 
does not appear imminent, the data thus far obtained | are presented for con- 


sideration. a _ This investigation has grown out of 2 a study made by the writer 


~The analysis presented at that time was of a purely theoretical nature. 


The w riter was unable to find experiments either refuting or r corroborating the 
oe nor did the discussions of the paper cite any experiments or or theory that 


that the used herein and i in 


casily understood, 1 from the 1924 paper is 


eat the present cast from plaster of Paris \ were 
in a framework made for the purpose (see Figs. 2 and 3). - One abutment was 


NoTs.—Written discussion. on this paper will be closed in August, 1928. 
east Head of Dept. and Prof., Civ. Eng., South Dakota State School of Mines, , Rapid City, 
i te +! ‘Analysis of the Stresses in the Ring of a Concrete Skew Arch,’ ’ Transactions, Am. at 
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Astudy of the effect of horizontal loads 1s of especial interest as brought out 
i by A. H. Beyer, M. Am. Soc. C. E.,t and it ig hoped that further discussion 
along this line may be developed by this pap 
the Appendix may be more 
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CROWN STRESSES IN A SKEW 


were attached six dynamometers or spring balances means of 
a ‘the reactions of the free abutment could be obtained. _ At two positions on the 


ring were « clamped steel collars. ‘These positions. ‘were considered as the 
- abutments of the arch ring for the purpose of computation. The dynamome- 
ters were adjusted as the load | was applied, so. that the two collars in 


position relative to each other throughout the test. il 
GVA 


* 


in | considering the stresses in the ring of | ‘# a skew arch the 


on of forces in space must be considered, in 
-contradistinction to tamed in a definite | plane, as in the right arch theory. a a 


_ To define the resultant of a system of forces completely requires only six six 


quantities. | ‘These may be taken as the “components parallel to any three 


assumed rectangular axes and the moments about these axes. As all these 
“quantities are mutually independent, the. six are necessary as well as sufficient, 


it ie, , therefore, important to have six and only six independent 


mometers to determine the location of, the force produced by the thrust of the 


r hy Again, to determine the position of a body in space requires six independent 

quantities, three to locate the position of : a point in it, and three to determine 
a the amount it is rotated « about each of three perpendicular ¢ axes. These quan- 
tities are also independent. 


Therefore, in an experiment ‘of. ‘this, character, all six component 
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mre N STRESSES IN A SKEW 


were made of plaster of Paris n ‘with 60% 
weight) of This was decided upon after a number ‘of experi-- 


‘ments with varying water contents. . The value of E was found to vary greatly 


with the proportion of water used, being ‘about. 400 000 Ib. per sq. in. when 
equal parts by weight of v water and plaster (100% ‘f were used and 1100 000 Ib. 
per sq. in. when one- -half this quantity of water was taken. % Thus, it is quite 


‘that great care must used to secure a uniform ‘mixture. ‘Tf the 


cmsiderable. The result, however, was a “much stronger ‘material. Te was 


finally decided that the least quantity of water that could safely be sil, wa 
0%, by weight, _of the plaster. . &F For the > sample of ‘plaster o of f Paris used i in this 
work this percentage gave ample time to mix the batch, work out all lumps, — 


pour it into ‘the mould, and remove the entrained air before set. 


handling. 


A ‘mixture. plaster of Pari is Ww proved to a very satisfactory 
material for the purpose of studying stresses in a model with 1 the view 0 of 


applying the information ‘thus obtained to a study of stresses j in. a larger con- a 


crete structure. — Being a cast material it has somewhat the s same -character- a 
istics Sas concrete and when mixed with ¢ care is very uniform 1 in quality. - ‘After: ; 
being cast, a model ¢ can be sawed or cut with a chisel or plane. | This prop- | 


erty w as very valuable i in shaping the skew arch 


The ring was cast as the segment of a cylinder with an inside radius of | 


wi in. and an outside radius of 128 . The ‘form. for the intrados ‘consisted « of _ 


a sheet of galvanized iron held i in a semi-circular shape by a wooden frame. 
Two: pieces of 3 by #-in. rubber packing were laid: on this form a 1 distance apart 


that: would i insure sufficient ‘material for trimming the eres model. Ov er a, 


“ete was placed a piece of galvanized sheet iron as a form for the extrados. e 


This was fastened by bolts attached to the edges and babsinal? to braces over 


“the wooden frames. Thus, the two pieces of sheet iron were held securely ? 


apart. The 


then turned completely over, and the arch was cast by a 


"Pouring the soupy mixture in one side and letting it rise to the other side. _ 


AN wire was oe through the forms: and wo rked back ‘and forth to remove a 


the: plaster from sticking to the arch ¥ was to att 24 hours 


es were drawn on the sheet of iron with a soft lead pencil. These” 


lines were laid d out as a a rectangular grid before ‘the sheet was bent over the | 


forms, and the sheet was placed s sO thats one set of these lines was s parallel to 


‘from it were ‘particularly "When the forms wer ere 


Were found d plainly marked on the ‘model and aided greatly in truing 

rubber when laid on the circular did not lie i ina plane, 


1e by clan ymping ng a thin 
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crown STRESSES IN “SKEW ARCH 4 


- to ‘the arch s SO that it was — at the crown line and skewed to the 
- ‘The model was then laid ona table with the ‘Plane of the 
dl perpendicular to. the table. Two lines | were scribed on the plaster par- 


allel to the table surface. These lines marked the two sides of the completed 


arch ring. _ By using an | ordinary carpenter’ S saw with « coarse teeth, the | ring 


then trimmed d down with | a 's jack- 

_ Thus, the completed model consisted of an n arch ring of B haasisk material 


the segment of a cylinder am arc of 120° and was limited by 
two ‘parallel planes, which make an angle of (90 ‘the axis of the 


barrel of the arch, € being ‘the angle of skew. rately sd} to tdaiow ed 
The lines 60° from the | ‘crown were used to set the collars for 


ot of the fundamental assumptions in the arch _ theory is that the rela- 


ive > position of the abutments does not. vary. In designing the testing 


apparatus it was necessary, therefore, to be assured this condition and, 


same time, to be able to six of ‘the abutment 


= same ‘position relative to each other, six independent points of contact 
had to be maintained. This. was done by means of a system of levers. 
ee “left collar had attached thereto an arm that reached to within § in. of another 


arm n attached t to ‘the right collar. te this space 1 was s inserted a a steel oe 


tee needle. A short wire was attdched to the 1 nearest collar pa the free end was 

a _ adjusted so as to mark the initial position of the end of the pointer. By this 
device a movement, either vertical or horizontal, of one end of the needle 


, or 27.2 times. To the right collar 


manner. 4 "These two needles were | so that their axes were in line. ‘Thus, 
_ there e were three 1 needles, each recording two motions, making a total of six 


independent points of contact between the two co collars. To show that they 
were independent it is ¢ only necessary to demonstrate that each needle could 


be moved either vertically horizontally affecting the 
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STRESSES IN A SKEW ARCH 


ie A rotation of the right abutment rélative to the left about a line joining cs 
‘the x points farthest from their respective ‘pointers | of Needles Nos. 2 and 3 
would give a vertical movement only to the pointer of Needle No. 1 without Sy 
‘affecting the setting of the other two pointers. ‘result similar to. 

- obtained for Needle No. 1 could be obtained for Needles Nos. 7) and ogi 


b cememmeed rotation of the right abutment relative to the left about ne vertical 


formed by the of ‘the Needles Ne os. 2 


and 3 and passing through the one of their points i in “contact with the 
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CROWN STRESSES IN 


the arch ring, on this was a nut, in was a. 


— stud with the end rounded off. The pipe that was used asa beam to apply the 


was flattened by filing slightly where it rested o on ‘the stud. The ends 
3 of the pipe carried milk scales for dynamometers. “The: load was applied by — 
inducing a force on the s scales with a hook- bolt and butterfly nut. ( (See lower > 


The left abutment, 3, was placed ina steel trough and ‘pilaster 

Paris w was ‘poured around it. In doing this, care was taken ‘that the collar 
was free from the 1 plaster | or trough. . The trough was bolted securely to 


a steel table made for this. investigation. To the table was welded @ very” 


rigid steel ‘frame made of angle iron. Although this property was a 


venience, it was not a necessity. 


In like manner, t the right abutment. was” ails to a ed trough which 


_ was connected to the table by six dynamometers, A B CDE and ‘FP, the first 
7 i. three being horizontal, a and the last three vertical, as shown in Fig. 5. = These 
8 dynamometers » were arranged so that they were independent. of each other, 
=. for it is easy” to conceive e of ¢ a force that will a affect any one a them without , 


ecting - the others. 


oF WITH RESPECT TO CROWN oF ARCH 
-» The seales were adjusted after each increment of load was added until each 
of the three pointers was at its initial position; therefore, the collars remained 
in the same to each other throughout the and any 


a trated load placed at the center of the crown. 
7 _ The load used was a concen 
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STRESSES IN A A SKEW ARCH 


ieiwetion due to lack of rigidity of the ‘atti, frame, troughs, or or arch eg 
from trough to collar, was taken up while adjusting the scales. ph Ane ; 


After: the model was trued up, as s previously described, the collars were 


"placed i in on the marks drawn for ‘them. The free trough was then 
blocked in place on ‘the table, at the same elevation | as the fixed trough and - ue 
ina ‘position that allowed the vertical scales to hang } plumb. It was clamped — js 
4 securely and the model was placed i in . the troughs, leveled at the crown, and 

oriented SO that the barrel of the arch was ‘parallel to ‘the plane through the 


axes of Seales ‘D and E. : The portions « of the arch 1 ring in the troughs: were 


thoroughly wetted, ‘after which - plaster of Paris, mixed with 60% of water, 
was poured around them until ‘the troughs were ‘filled. When placed thus, 
the e arch shad no initial ‘stress, except that due to its own weight. rt After the 
plaster had set 24 hours the needles were placed i in 1 position and adjusted. ‘The : 
loading beam was then placed across the top of the arch and the ae 


were hung therefrom. Enough load was placed on the dynamometers to hold = 


q them steady. ~The load then on the crown was less than 10 lb. The dynamo-— : 


meters at the right abutment were e tightened and the clamps removed. They — 


“were then adjusted until all the needle ‘pointers were back to their initial — 


"position, both vertically and horizontally. This was taken as the zero erown 


Toad i in constructing Figs. 8 to 12. 

. 7 The « crown load was added by small increments | as shown in Tables 1lto6, | 
inclusive, and, after each increment, the dynamometers “were re- adjusted. 4 


- This was continued until the capacity of one of the dynamometers was reached, 7 
_ or the crown load exceeded its initial value by 50 Ib. 


a. 


a. Although the re- adjustment of the needles by applying loads bs the dyna- - 
was in the nature of solving | six equations in six unknowns by the 


a few minutes. 4 


plaster of Paris, an leaperianst was s considered n necessary ‘ to gain an ides of the . 
maximum vertical ¢ crown load that could be placed on 
injury. ‘3 From these data the testing apparatus was designed, or more 
ticularly, the capacity required for the dynamometers was ascertained. ae 
To obtain: this information ‘an arch’ was cast, ‘the ends were placed in 
‘Rotches cut i in a 2-in. board and were plastered into place. (See Fig. 6. >: ‘The 
Doard and arch were put on a platform scale and a pipe was placed on the 


crown parallel to the axis of the barrel of. the arch. A load was applied to 


es pipe by means of a plank resting on a knife-edge and holding : a vessel i: 
| “one end and a a counterweight on the other. © The knife- edge was off the scale 3 
ss and the load was applied by pouring water in the e vessel, thus tipping the plank 
“on to the arch.» Tt ‘was measured by weighing ‘the added load on the scales. 
The deflection ere taken at the crown with dial. In arch 
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494 CROWN IN A SKEW ARCH 


_ sities of skew was 224° and the hooudihe. measured parallel to the abutments 
ie was 10 in, Fi ig. 7, shows the y arch after failure. Note that the breaks are 


- 3 parallel to the axis of the barrel . The results of this run are given in Fig. 8. 


The components of the crown reactions on a skew arch ring of the char- 
I acter of the models used have been determined for a vertical crown load using 
e elastic theory previously mentioned. his work i is given in the Appendix. 
By taking the readings: of the abutment dynamometers, as determined from 


a ables 1,2, and 3, and from these, , computing the stresses at the crown, a a com 


crown reactions were _ computed. from the following» equations of 

equilibrium for the left half of the arch ring : q 


Oi inte doe = oul 


ee 


B, D, E, are the dynamometer readings, 
crown to plane, E F;b= width of arch ring; ¢ = crown to plane, D &£; 


elevation of crown above ‘= elevation of crown above plane, 


B, as defined in Tables. a 2, and 3. The v values of the dynamometer reat: 
ings were taken from the ‘slopes of the lines as plotted from these tables. — " 


Fig. 9 was plotted from Table + é 50- Ib. increase in the crown load would 


"produce: the following increases the: abutment _ dynamometer readings: 
A= 26.5 Ib.; B= 15.5 Ib.; C= 19.5 Ib.; ;D= 10.3 Ib.; = = 21.3 lb.; 


“2g | 
. — 3. 3 Ib. which with the following measurements: a = 11. 125 in.; ¢ = 15, 5.00 
. ved in.; d = 8.31 in.; and e = 8.16 in., substituted in Equations (1) give T, 


42.0 Ib.; Ty =2 27.3 T, = 195 lb.; Mz = — 21. ‘7 lb.; and M, = 85.8 Ib. 

The theoretical values are: T, = = 40.4 Ty = 250 Ib; T, = 161 
90% . 10 was plotted from Table 2. A distinct break occurs in the curves 
at 30. 5- ‘Ib. load, where Dynamometer to zero and it became necessity 


— From the lower pie of the curves for a 50- ‘b. increase: A = = - 124 ths 
B= 25.9 Ib.; C = 21.0 lb.; D = 18.5 18.2 Ib. ; F = —7 


cal With a= 16, 6in;c = 14.85 in.;d = = 5 in.; a and e = 9.34 in., Equations 
(1) gives, T, = = 383 lb.; Ty = 23.8 lb.; T, = 21.0 lb.; M,=—2 28.2 Ib.; and 
| From the upper part of the curves for a 50-lb. increase: A = 17.2 Ib.; 
B = 22.3 Ib.; C = 26.0 lb.; D = 11.4 lb.; = 21.5 Ib.; and 7.5 Ib. 


954 Ib.; T, = 26.0 lb.; Me = — 33.8 Ib.; and M, = 65.3 Ib. 

_ The theoretical values are: T, = 40.6 Ib.; Ty = 25.0 Ib.; 7 = 
Ib. and 1 M, = 60.8 lb. af) ty wale ex 
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Fig. was plotted 

ould produce the following: 16. 0 Ib. = Of, 2 Ib. = = 6 Ib.; 
15.0 Ib.; H = 16.2 lb.; and — 2.4 1b. With a = 17.0 in.; ¢ = 15.1 in. 
d= = 9.26 1 in. ; ; and e = = 9. 9.1 in., Equations (1) gives: T. , = 43.2 Ib.; T, y = 28. $ 7 
ib.; 27.6 Ib.; Mz = — 48.0 lb.; and M, = 58.9 Ib 

The values T, = 40.8 lb. = 0 Ib. 

M, = — 43.3 Ib.; and M, = 59. 8 Tb. 
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- Load on Crown in Pounds 


with apparatus : of sufficient refinement the agreement would be closer. 


work, however, ‘would involve the expenditure of a greater amount of money 
time than the writer has been able to’ obtain. 


 » Run No. 1, Arcu No.1. 
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The abutment of the wi with a 31 skew was moved i in a hor rizontal direc: 
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CROWN STRESSES IN ‘SKEW ARCH 
t the effect o on the reactions of s such a mov ement. U 


and 2 were in the pointer o of Needle No. . 3 was 
mov ed horizontally by v arying the load on the dynamometers. Rotation of 


‘the abutments was also prevented. 4 From Table 4 and Fig. 12 the tendency can 
be noted. As Dynamometer released in order to keep the 


oad on Crownin Pounds 
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¢ Fie. 10. No. 2, No. 


2. —Data FROM om Run No. 2, No. 2. 
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ney _K ‘da? 208 
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= 
~~ x ‘-iren.” 16.60 in.; b = 8 in.; c = 14.85 in.; d = 9.50 in.; e = 9.84 in.; and angle of skew _ a 
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‘TABLE 3.—Data From Run No. 3, Arcu No. 3. 


Reading on Dynamometer Cin Pounds 


e art 20.2 | 


— was | 
— 
— 
= | = 
Fig, 11.—Run No. 8, ARCH No. 3,00 | 
ae 
ag 
| 
= 17.00 6 = in; = 15.10 in.; = = 9.10 im; and angle of 


third arch was put in the testing frame and a lead of 30 lb. 
the arch crown. ‘This: arch had an angle of skew of 37° and 


ip 


iy 
a length of abutment of 9 in. T abutment was moved parallel ‘to itself 


without rotation and in a direction to widen the span, horizontally but at right 
“angles to the barrel of the arch. Table 4 4 and Fig. 12 ‘give the effect of this p- 


_ movement _ This is a possible direction i ia which the arch may slip ‘under load. 
It is interesting to note that the horizontal force, B, becomes zero, or tha at 


the abutment force is very near the point of the arch. Table 5 is produced by 


tite 


a movement similar to the one producing Table 3; that is, parallel to the axis - 
of the barrel of the arch. It is interesting to compare the results of these _ r. 


TABLE & 


ier uly: od 


ow 


iol 


* Abutment moved horizontally and parallel to barrel of arch. 
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wy Fic. 12.—Run No. 4, ARCH No. 0.2. 
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iy 


mpre deal by made lighter and a method could be 
- ie pare! ling the pressure on the needles, it is the writer’s opinion that the 


following conclusions are warranted: 

(1) If the abutment moves in a known direction and amount, t the stresses” 

are redistributed in a manner that can be foreseen from the elastic theory. # 


hey may cause the heavier. load on one or, the other end of the ‘ababaent 


— (2) The force represented by T'., oF Dynamometer C, must be provided for 


the design of a skew arch ring. 
obtuse corner of the abutment not necessarily carry 
load than the acute corner, and may carry less. AT 
— ‘The discrepancies between the values obtained the arch theory 


= and the those obtained by experimentation are within the of experimental 


error s r so that this set of experiments supports the theory. 


is extended to Magnusson, Am. ‘Soe. C. 


obtaining funds from the University of W: ashington Experiment Station ok 
t these tests. 
to W. R. Soe. C. E, , for obtaining a large percent- 


age of the data herein given. | 
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integrating and substituting the limits of —— and 
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‘Substituting ‘the numerical values, these equations reduce | to 


9910 
(0.2210 + 0.4474 r T, — 0.9718 er T, + 0.7247 M, — 0.6495 


+ 2.2208 M, 


2550 + 0. 014827 

.2550 + 0.0148¢? 
.2495 — 0. = 
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ave action on sandy coasts: in the suspension and transportation 
This drift i is ‘powerfully 


above, or alls below, the mean level of basin. ‘The net. of 

the action of the currents on the drift by the relative 4 

of the currents and of the drift factors. a: to adf 

te 4 ‘The ‘ultimate. effect of the combined action of the littoral drift and inlet 

- currents, if uncontrolled, and if the ‘Tatio of drift to volume of water be too | 
large, is to fill the interior basin with deposited material and to close the inlet. 

Some of the intermediate effects are to cause rapid and sometimes. extensive 

_ physical changes i in the beach adjacent to the inlet t to the detriment of local a 4 

by m: man. The beaches and beds of bays and tidal | channels, 


ize of the interior 


«a bay and that of scien inlet. he reduction : in the size of the bay must lead to : 


_ reduction in the size of f the inlet. The: same result may be produced by an 


We increase. in the frictional resistance to the 2 flow of currents between the bay 
i and the inlet, causing the bay to be incompletely filled by the tidal currents. — 
Due to the play between effects of drift and,of, currents, inlets may migrate or 
may divide as well as close. adits 31 “od bets 
aa 7 Means can be found to stabilize inlets disposed to migrate, or to divide, - 


_ “Permanent works on . the beach or by changes in the interior channels and 


full capacity of the interior bay by png means, or by dredging. Per- 


"manent stone jetties are conaidered, to be the most reliable means of controlling 


+ 


—Written discussion on this paper will be closed in August, 1928. arieeroneths 


,U. Ss. A.; Engr., 8th Corps Area, Fort Sam Houston, Tex 
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ty ‘Thi: 

; a of large bays and gulfs, peninsulas and capes, some of the ‘most iol eg 

important features of a coast line are those breaks i in its which may § 


govern 


inlets, 


An estuary may also be the mouth ofa large riv ver, but it is it is characterized. 
usually by being funnel- shaped, its o opening to the sea being very aca wide, ‘admit. 
tng the tidal wave for its full width, and causing the wave to increase 


broadly classified as estuaries and inlets. MASIA AMA 


control 

height or heap up: as it travels Savard, ‘aes. to rising bottom or to converging 
ba nks, or to both. | ‘The inlet on a sandy coast generally h has banks ks roughly - 


8 rallel, connects two larger bodies of water, is usually sma small with res respect to Nor 


"The characteristics of such openings Pa estuaries, permitting propegation are acc 

of ‘the tidal wave practically ‘unchanged i in form, have been treated of by many ordina: 
writers and will not be considered herein. _ The writer proposes | to treat change 
only of inlets of that class which are too small and too short to ‘permit propa- which | 
gation of the full tidal wave, but through which the flow ‘may be classed as [ by the 
 igdiaalig, that is, due to the difference of evel between the water inside the southe 


bos: ~The South Atlantic Coast consists mainly of a strip of sandy earth imme- degree ee 


‘ diately fronting on the ocean ; bounded on the e back by bays or sounds, or fre- “and fc 

a quently by 1 more or less extensive areas of salt marsh, which, in turn, , front | one di 
on the bays or sounds and through which | numerous inlets afford channels suspen 

_ for the flow of water between the bays and the sea. This, in meet deenaaa joke 
the entire stretch of ocean front from Sandy Hook to Florida. wink) of the cu 
r 4 ot Sandy coasts present many difficulties to the student of pwobbeni pertaining and s 
coast erosion and coast protection. T hose difficulties are greatly magnified accor 
where there are inlets where changes in in the Tine | are most and towar 


study of ‘abi from the of stability or change is 

~— ‘a matter of much concern to > pleasure resorts located on this coast, and must : 

a a extend beyond the limits that would serve if navigation were the major subject — 
under dis discussion. An inlet may be of no consequence to the navigator because a 

of its tortuous, ‘shoal, or shifting channel, and yet r may exert a profound — 

far-reaching effect on the beaches immediately. adjacent to it. beach 

ie and near the inlets i is ‘subject, not only to the e same forces that raise or wash 


down the beach on the « ocean front remote from the inlets, but i in addition to 
the scour or deposit of material caused | by the swift currents which are gen- 
erated by the difference in elevation between the bear at of the e bay and the 


< bas The inlets are the ovitionl points on the coast line with respect to the meet 


of physical change. It is there t that such changes are ‘most marked, n many 
sections at points remote from the inlets having undergone > very little or. met 


oe ee change in the past eighty | years: or more, as shown by comparison of surveys 
_—_ at various times. The inlets shift in position or greatly change their 


fi it dimensions, and many have closed entirely within comparatively recent years, © 
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oN ‘SANDY COAST 7 


4 This variability affects all industries dependent o on the interior lagoons | as 
a fishing, oystering, clamming, and navigation, v while v rested ‘property and other 
i. rights on 1 the beaches are endangered and frequently destroyed as a yesult 
“ Gof such changes. To discover some of the Jaws wl which control inlet flow and 


ga govern the other natural forces which act so pow ywerfully on the beaches: at — 
inlets, to ‘collect and formulate general principles: and rules: underlying 


the action of inlets for the, assistance and guidance of ‘those ‘attempting to 


At 
control or to improve inlets, are the main objects of this study. ied In eer ot wut 


Wave Action on Sea Beacnes, SoutH “ATLANTIC 


0 ie, Northeast dak in lesser degree southeast storms cause a washing down of 
I the beach. - These storms raise the water to abnormal heights and, in addition, 


n are accompanied by high waves. % Therefore, they reach sections of the beach 

Ly ordinarily far above the limit of the waves. ‘Sand i is dislodged, and the great +4 

at changes i in the water level generate longshore currents of considerable velocity, ; 

which transport | large’ quantities of sand. This condition is aided, of course, 

18 by the oblique angle at which the 1 wav es generated by these northeast | and 


; In general, the material comprising the beaches i is sand of a greater or less 

degree of fineness, and comminuted fragments of she lls. iy ‘is driven back 


and forth and up and down the beach, with generally a  Venbibiale motion in 


one direction and the ultimate destination of being placed in solution | 

suspension, and carried out to sea and deposited on the ocean bed. — ae. ; 

iy - Along sandy beaches, therefore, material is transported by the waves ves and 

the currents, , and sometimes also by the winds. | The Waves act upon the bottom = 


and set. in motion those materials covering it over a greater or less width, 


according to local circumstances. ‘The materials thus taken up are pushed 
toward 1 the beach by the predominance which the direct current of | the waves : 


in general | has over the return current. - When the waves are ‘normal to. the i 


beach— matter of very rare oceurrence—the material oscillates” along the 
line ad greatest slope, but without advancement laterally. 
we _ Most often the waves “encounter the beach at a certain angle; they then 


project the material obliquely and it runs down toward the sea with the return — 7 
wave conforming to the line of greatest slope. Iti is then re- seized and | thrown - 


up anew by the following w ave, in such manner that it advances by | succes- 


buat movements in the same direction as the pr opagation of the waves. va aie 


eft The progress of the 1 material also undergoes oscillations, for the wind ku 


A. 
“not alw ays blow from the same direction. ‘Following the direction of the waves, -? 
“the particles g go in one direction | or an other. _ How ever, since the waves come 
often from: some one direction | there is finally a definite movement of 


transport in that direction. When t the materials are ‘subjected 1 not only 


the action of the waves, but also to that of the currents and the winds, their 


final translation is the “resultant of the partie. actions due 


These. causes nd results of transport of material are magnified 
storms, not. only Gaosan the action of the waves on the bottom is then more oer 
Powerful, but also because the heavy storms at sea, by: urging ‘the waters shore 
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ON SANDY ‘COASTS 


‘rioratic 
the pe currents, is often sufficient ‘tos sweep the bottom clean. any process 
event it provides an increase in power to transport the material in ‘suspension. rapid p 
- ‘When, in traveling along the beach, the particles reach a large bay or other w of! 
—_ opening, or even an abrupt change in direction of the coast li line, they may ‘form aed Litt 
into a point jutting out from the bank by which they approach, forming a 
sand spit . The ebb current then is ‘inflected toward the opposite bank which “the ie 
may find itself attacked, if if the opening be ‘narrow. 
Tf the bay be small and shallow, the ‘spit tends to form a barrier and to “slope, x 
close it up completely, but the tide, aided by the  fresh- -water discharge, “course 

. gg if there be any, maintains in the barrier a breach by which the alternating 


movement of the tide is made. The ebb, by scouring out the particles which 


: aa ‘tend to obstruct the breach, in what ; is termed the channel, forms before it a os 
or cone of deposit, which receives the name of “bar”. current does di 
‘ea Het sur mount ‘the bar uniformly ; it cuts out one or more grooves, which con- “whi ch | 
stitute passes, in which i is found the greatest depth of water. banks on ‘stant, 


either side of the passes are called “flats” or “ “shoals”. 


a * Ailes The Passes vary in position on after a a storm ora freshet, which may have “will de 
changed the relief of the bar. Under the action of the travel of the moving 
particles, called “littoral drift”, the passes” tend, moreover, to become dis 

! un 


> 


laced b in the sam ‘direction. par: 


: re The t travel of the littoral drift depends then on the lay of the coast with Boo 


} 

‘Tespect to the dominant direction of the waves, and, consequently, the winds 
According as the particles are carried more less” rapidly, the beach 
z denuded or built up. A mean regimen becomes established on every shore. oe testi 


ett? 


ey ‘Tt may happen then that the coast has a bay or a cape the bisecting line 9 


of whith 1 may agree more or ‘less closely with the prevailing winds. In such "wholly 


= 
case the drift may move in opposite directions on opposite sides, converging 


‘ee ve or diverging, as the c case may be. PLE Te: 


= 


ree This littoral drift, in passing an inlet at flood tide, may be caught up by 


setting 
it and carried | into the interior waters, where, as the velocity. of the incoming : “along ¢ 
tide decreases and stops, it may be deposited, the larger and coarser particles By Tid 

eke: first and the smaller and lighter ones farthest within. The operation i is then er one 


reversed by the ebb tide, which, as it progressively gathers strength, picks we cof wat 


orm, 


; the deposited “material or ‘part of it and returns it to the sea. Some of the 
4 deposited material is always left. behind, a nd as ‘it accumulates: it forms bars 


_ through which channels or passes of varying. size and depth also form to . the 


connect the interior and exterior waters. This is called the ‘ “inner bar”. begin 
similar bar is also formed just outside the inlet, where the ‘outflowing ebb tide 


loses its velocity ‘sufficiently to drop its burden of material 


”, being s subject to ‘the action of the ¢ currents and waves ‘a 
» being 


_ the sea, generally does not. increase beyond a definite : stage; ; the inner bat, 


a very 


rectilir 

itis however, being subject to much milder forces in the bay, continues to ) increase q less am 

hes even to the complete filling of the interior waters the form: ave 
>. marshes and ‘the ‘closure of the inlet. “While this progressive dete 


— 

— 

¥ 

— 

— 

— 


_ INLETS ON | SANDY COASTS 


bays and ‘sounds on sandy shores may not be a rapid 


process, as measured by the | span of human life, yet geologically it isa very 


rapid process, many 0 of ‘them showing a marked d deterioration within the ual 


Littoral drift is, anil a matter of prime importance in the study of 
an inlet, and i is worthy of further consideration. Drifting may occur along 
the beach slope itself, termed “beach drifting”, due to the swash of the waves 
advancing obliquely up t the slope and returning back directly down the steepest 
slope, resulting in a loose particle on the beach pursuing a zigzag or parabolic 


course along the shore, as s already described. Since ‘smaller particles are more 


vee” 


‘easily. moved by the swash and are farther along at each step than 

larger particles, their progress along the beach is more rapid. 
s It is evident that the direction of beach drifting is independent of the 

, - direction of any longshore current, and is dependent only) on the direction from 

which the wave impinges on the beach. This direction is, of course, not 


“| "stant, and hence beach drifting will sometimes be in one direction along + the 


Ve 


“beach and sometimes in the other. The direction of the resultant movement — _— 
“will depend on many factors, wach as prevailing winds, relative intensity of “a 


8B - Winds, fetch of the ocean, depth of the foreshore, and the direction from which 


As. distinguished from beach drifting, “Jongshore drifting” is the transpor-_ 

en tation of particles which takes place in the shallow water seaward of ‘the 


th - beach. . To: effect ‘such transportation, a movement of the. water ora current | 
i, must exist. Therefore, the various ocean currents that may be effective inv 


: On approaching the shore line, the oscillating motion ‘of we aves becomes 

ch 

wholly. or partly ‘converted into a translating motion. & Since ‘waves of transla-— 

ng tion will cause a piling up of the w ater against the coast above the normal 


i sea level, an accumulation of such excess water will be relieved only by the 


by ‘setting up of hydraulic currents, : in the form of an undertow if the escape is 


along the bottom, or of a longshore current if the escape i is laterally. oy Saee 


Tidal Currents.—Another r type of ocean current is the tidal current. 

ow water, in both horizontal ‘and vertical planes, each ‘movement 

a very elongated ellipse. ‘the tidal wave approaches, a particle of water 

“over a ‘sloping | sea bottom near the shore will rise in the vertical plane and 


“LE 2 the same time move shoreward, and, after the passage of high water, will | 

2 begin to fall and soon to retreat fror m the shore, while i in plan it will revolve 

elliptical orbit, of greater or less eccentricity. 
otf a hid motion 1 depends on th the configuration of the shore line. At or near_ 

the entrance ‘to an estuary or an inlet the ellipse’ may become practically 


rectilinear, while remote such disturbing: elements the ellipse will be 
Tess eccentric. On an open shore exposed to the direct advance of the t tidal — ig 
wave these currents are generally weak, and ‘are unimportant; but on an Bk 


irregular ‘shore li line, where the advance of the tidal wave is at a angles 
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sur 
When a small basin or a narrow channel opens into the ocean, it fills when ff for th 


_ the tide rises and empties when it falls. A flood current prevails during the tide. | 
“a period of rising tide, and ebb currents during that of falling tide. The slack tom ¢ 

of both flood and ebb coincides very nea rly with high and | low water. In wernt: 


general, near the shore line the situation is one intermediate | Doki the free that a 


the line i is broken by bays, estuaries, inlets, or straits, also r 
these currents m may become great factors in erosion and transportation of bow i 
material. s In the open sea, the maximum velocity of tidal currents is found § while 
at high oy at low water, while the slack or the turn of the tide occurs at FE It 


. ¥ "propagation of of the tide in the open sea and. the condition of filling a basin of = 


7 small capacity; the regimen | ¢ of the tide is there more or less altered; the rents: 
slackings and reversals" of the currents are no longer effected at mean tide, water: 


" —_ but come ‘nearer. the time of high and low water ; and the maximum velocity toa | 


near ‘mean tide. velocities depart” their theoretical values and of the 


- in order to interpret, observed phenomena, ‘frequently it becomes necessary to up to 

have recourse to considerations based on the hydraulics | of water flowing under under 

the influence of a surface slope. the w 

ic. Tidal currents, therefore, must be distinguished from the purely hydraulic a 


currents occurring when the accumulated water on the coast due to the tide oppos 


Koti Wind Currents. —The wind blowing on the surface of the water tends to Tents 


runs through a narrow inlet or strait to a large bay or sound, which may og in on 
may not have also” some other connection with the ocean. Tn 

Ocean currents’ once established a are modified by local | circumstances, nota- the 
bly by irregularities of the bottom and of the shores. They produce eddies, chang 
whirls, and -counter- currents. a current comes very close to the entrance 
into a \ bay it causes within the bay a current in the opposite direction. E “a TI 

and counter-currents are also formed in the lee of islands. rare a litte 

sharp reduction in depth determines perturbations in ocean currents, It cor 
which, on account of the violent reaction from the bottom, 1 may acquire great strong 

increase in velocity. The reversal of a current on the coast does, not. always The 
oceur at the same moment, for the entire depth of water, but usually at the of the 
bottom before it may be noticed at the surface. “ep 


dree the water ‘along with it, which quickly gives rise to ripples and small 
rapidly i increasing to large ones as the wind’s intensity increases. It has ity cu 
been found by observation* ‘that the wind current on the surface will have abou t 


Ti 
#R to 2% of the velocity of the wind and 1 will b be about 20° i in n direction to the Bons 
i: right: of the direction of the wind i in ‘the ‘northern hemisphere. _ 


he ocean currents winds, although usually at times 


the of. the shore. line ‘may give rise to swift longshore 


currents under favorable conditions. _ ‘If the regular sea ¢ current and that due 
the wind are in the same direction, they strengthen each other. If they are 


n contrary directions, they may destroy. each other. | if The wind current may 


——- 


* “Tides and Their Engineering Aspects,” by G. T. Rude, M. Am. Soe. E., 
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INLETS ON SANDY COASTS 

also reverse the sea ct current; but by reason of iow fact: that the action on of the 7 

of & wind is on the surface, the current due to the wind i is ‘itself a surface ¢ cur rrent, r : 


id while the sea currents usually have a great depth. nore a yd 


at It follows that a diminishing of the general velocity of the cur rent on the 
clea may require an increase in the bottom velocity i in order to provide 


on § for the flow that is demanded by the predominant phenomenon, such as the 4 


he tide. This reversal of the surface ¢ currents and the reinforcement of the bot- 


ck tom currents are e frequently observe ed, particularly by fishermen, who find it a a 7 
warning of an approaching change of weather. It accounts for the fact: 

ee that an offshore wind usually pr omotes the juilding of the beach. 
of The accumulation of water produced i ina bay the wind may cause cur- 


the rents of opposite direction at the surface and at the bottom. m. |] _ The surface 


de a, driven by the wind, tend to heap up, in more remote parts of the bay, fy 
ity -a level above that of the sea at the entrance. They 1 may, by the violence ~ 


nd the velocity w which they have acquired under the impulse of the wind, heap d 


to up to a level even higher ‘than that corresponding to their new ‘equilibrium — 


dee under the combined action of their momentum and of the horizontal force of 


- & the wind which drives them. Ss To return to their normal height, they can no 

lie longer follow the slope of the surface of the water where the wind would be 
sde opposed to their | return; they therefore follow the bottom . The water comes _ : 
or [_ inon the top and returns on the bottom i in the form ofanundertow. | “ = 
a Into bays rs or lagoons connected with the sea by inlets the waters driven o 
| the wind penetrate and | accumulate. They then escape, when ‘the wind 
‘ies, changed in intensity or direction. This produces in the inlets a ‘powerful 
nee fushing effect, or scour, which i is very beneficial in the ‘maintenance of depth. 
winds, often set up littoral currents along the coast. Such 


. a littoral current does not exist when the w ind is normal to the beach, whether « 


nts, | it comes from the land or from. the sea. . The current is: produced all the 
reat stronger as the direction of the wind depar ts more from that normal direction. 
rays The movement of the littoral current is in general agreement w ith the di ection | 
the af the wind. ‘The current, therefore, transports the sand in the direction of 


prevailing winds. While difficult: to observe, the velocity. of littoral cur- 


sto Tents is greater near shore than farther at sea. : 

mall ‘There are other currents such as seiche currents, planetary currents, salin- 


has ity currents, ete., but those given are believed to be the ones prine ipally son- 


aD ¥9) —Inlets in in the sandy « cordon along the sea coast known as the “offshore bar” 

a iD 

i are probably. formed naturally in one of three ways. ‘First, the | terenens 
long 


to bend it 


#3 
of a growing sand-spit. may be. such in degree. and direction 
shore toward an adj 


‘sons that the ‘velocity of tidal flow becomes sufficient to wage the end of the 


te 


tan 
— 
— 
3 
tte, 
© 
tm 
— 
xe 
— 
— 
“may 


INLETS” ON SANDY COASTS 


ne ‘Such. an inlet i is sat present in course of formation at Ascateague Anchorage 
on thee: eastern n shore of Virginia (Fig. 1). of Sixty years ago the area now being 


by a a growing ‘sand-spit was open sé sea. sand- -spit, Fishing 
Point, began to grow seaward in a southerly direction from Assateague Island 
and after extending about 2 miles recurved i in a westerly direction toward the 


north side of Chincoteague Inlet, } partly enclosing an area of nearly y6s sq. miles. 
A further extension of Fishing Point for 1 mile will completely enclose the 
anchorage ‘area, and convert ‘it into a bay or sound similar to many others 


along the coast. | Tt will continue, of course, to maintain a small opening or 


inlet to the sea, as long as the tidal flow into and out of the enclosed 2 area is 


sufficient to maintain itself against the encroaching sand. 


The neighboring Chincoteague Bay (Fig. 1) appears tol have been formed 


— 


ina ‘similar manner | by the Cutemsatons of a sand- -spit from the headland just 


2 south of | ‘Cape Henlopen. Indeed, ‘the ‘theory has been’ proposed that. this j is 


the normal method by which the barrier beach between bays « or sounds and the 


This view is probably not correct, how ever, as yeti be explained i in refer ence 
os to the second, and in all probability the most usual, mode of original occur- 

rence of an inlet. This is also intimately related to the mode of occurrence 


7 of the offshore bar, the theory of which is that a young shore line is just rising 


or emerging from the | sea. While i in such a case the smaller waves break on 


‘the beach, the larger and more powerful storm waves break “farther out in 


shallow water where they cause a ridge of sand to form offshore. — ‘This grad- 
ually piles up v until it finally emerges from the sea and forms the littoral bar- 


Ry 


7 rier, or offshore bar, eutting off the water between it and { the mainland to form 


This offshore bar does n not emerge uniform mly at the s same rate at all points, 


although the major portion of the ‘bar may be. rising of water 


meat itself betwe een the lagoon a and the sea, through ‘the ‘Mote oF less 
numerous: low points, which become more and more nar narrow until they are 
true inlets. As this offshore bar forms, longshore currents will start a move 
of littoral drift. along it, which will hasten the closure of those ‘inlet 


having the tidal flow and narrow those able. to maintain the flow. 


puny (separating the ocean from the coastal bays and sounds) to waste away 


by denudation, either b by y the waves, or by the wind, to a point where unusually 

high or storm tides overtop the beach and, flowing across it into the bay, erode 

3 a channel. — The first two modes of formation are of infrequent occurrence 

and require much ‘time; the third oceurs often’ and may require only a few 

it _ hours for its consummation. - Some o of the numerous recent examples along s the 

— ees of the occurrence of new inlets from breaches in the barrier beach a are the 

new Beach Haven Inlet near Beach Haven, N. J. (Fig. 2), connecting Little 

‘Egg Bay with the ocean on the New Jersey | coast, and Sinepuxent Inlet, con- 

necting Sinepuxent Bay with the ocean on the > Maryland coast. 

Bilt There is a fourth mode of creating an inlet, that. is, the intentional | artifical 


pening of such works of man. 1. Anu number have been | made to 
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cause artificial “openings at selected localities, but the such 
attempts: has been failure, due to a lack of appreciation of the natural forces 
to be encountered and ov ercome | and to failure to carry out the work ona 
“sufficiently large scale. “Instances of failure are attempts to open inlets « on » the 
-eoast of North Carolina near Roanoke Island; ; on the coast of Texas near 
ce Corpus Christi ; on the coast of “Maryland below Ocean City ; on the | Coast of 
Delaware at ‘Indian River (Fig. $8); and the recent attempted opening of an 


inlet | between Pamlico Sound and the ocean on the co coast of North Carolina 


Those inlets formed from recurved sand- “pits class 
very - probably exhibit in their earlier life much more favorable / characteristics 
for navigation purposes than those formed otherwise. — i hey will be free for a 


long time from both ‘inner and outer ar bars, generally s so characteristic of inlets. 
a : hose of the latter classes, howé ever, will be badly « obstructed by enormous areas 
of shifting shoals on each. side the gorge pending the establishment of a 
“more or less fixed regimen, or - adjustment to surrounding conditions. ee Ia 
Be ‘It is quite probable that an inlet once formed and adjusted to a fairly stable 


Bs a regimen would remain open and | suitable for navigation purposes indefinitely | 


INLETS ON SANDY coasts [Papers, 


% were it not for littoral drift, , that i is, the continued movement of sand along 
beach, which i is found along sandy 


ieee an inlet, assume the case of an inland bay being formed kg pro- 


Bicol of as sand- -spit. It is quite evident that i in the | earlier —_— of the 


ously, with its rise and fall in the surrounding ocean, and that a wie current 


will be practically negligible. This state of affairs will continue for a long 


time, as long as the full and free propagation of the tidal wave is unimpedet 
i: the continually ; nar rowing opening. Ww hen it does begin to be so impeded 


water outside the inlet ar that will a current 


into the the bay, i in sition to such “movement as s may be due solely to tidal wave 

_ It is. youd that as long as the inlet i is wide and deep in proportion to the 


area of the bay, hydraulic currents will be small and tidal wave ‘propagation 
will predominate. ‘Tidal wav 


es in the shallow waters: near the shore will be 
that is, s, the whole body of water moves with 

\ practically the same velocity horizontally. _ Now, if the size of the inlet become’ 

very small with respect to the bay area, tidal Ww ave ‘propagation will be negli 

i ‘gible, . the flow through the inlet will be hydraulic, that is, the water. surface : 
through the inlet will have a slope, causing a a flow, and it can be cons dered 


mathematically 1 in accordance w ith known hydraulic laws. 


‘The ideal inlet thus formed would soon begin to deteriorate due to the 
aa material supplied by littoral drift taken in and deposited by the flood tide and 
so tend to become indistinguishable f from the inlet formed by the 


beach and similarly obstructed by bars. 
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Flood Ebb Currents——The of of the ebb have a 


; - different effect on the bottom from the point of view of depth maintenance. 
ia The flood current carries into the stream drift which i is s deposited throughout 
the er ntire bed, particularly in the convex portions where the current is weak; 


when the waters fall, on the ebb, the deposits | are not returned, | except where 


velocity i is sufficient to scour them. The ebb, therefore, recaptures only all 


small: part of the deposits i in regions covered by high water in which it is 


DIAN RIVER INLET ste 
DELAWARE 


SCALE IN FEET 

Bi. Thus the : flood tends to silt up certain portions of the bed, to reduce ¢ conse 


o diminish the channel depths. The reduction ¢ r 


on its part, impedes the propagation of the tide, s that 


= one on the other, aggravate each other more and more. 7 
_ The ebb, which te nds to take up the material | deposited inside, produces, 


_ ¢ontrarily to the flood, an action favorable to the maintenance of depth; and 


in ‘its: action is, in general, | predominant i in | modeling the depth of ‘the bed. Itis 
Fei easy to account for this preponderance | of the ebb current. _ The volume of 
weg. water ' flowing at the beginning of the ebb is much _ larger than’ that flowing a 
beginning of ‘the flood, by reason of the very great difference between the 


ie ee ‘surfaces covered at high and at low water; and the total volume of the ab 
. Bie ag is greater than the total volume of the flood by 1] the entire volume of any fres fresh- 


water discharge ‘that may oceur. the other hand, it. must be remembered 
— the flood tide often rises at a more rapid rate than the ebb falls, due to 
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the conformation channel bed being suc 


ing the earlier stages, and that the flood on hydraulic 
radius while the ebb has a decreasing hydraulic radius. = 


The predominant t tendency of the flood tide to take in all available drift 5 
manifests itself in several ways. It has been found from current measure- ie 
ments that the surface velocities in tidal channels are generally greater for the | = 

ebb tide ; at mid- depth the: ebb and flood ‘velowities .are about: while at 


water ‘that it be « carrying. The flood being 
heavier, , will push in beneath the ebb, thus rendering the bottom water slack 
| during a portion of the ebb, or else actually causing, during a part of the ebb, F 
- Quite often the maximum velocity of the flood tide is greater than that of 2 
te ebb, giving it a preponderance of transportation capacity. This is pene 
when ‘the entrance of the flood tide i is held back and delayed | by shoals, or other — 


| causes which change the form of the tidal wave, the treat, of the wave ee other ; 
ing steeper than the back, ¢ and the flood tide stronger. _ Under such conditions = 


the strong flood cur rents: may be able to transport more and larger drift or 


débris than the weaker currents | ‘can remove. Certain” observers have 
reported also that, while during the ebb tide the bottom and sides of the chan- 


nel appear to be hard and well consolidated, they | appear to be looser and less 
compact on the flood, which results in yh ig being more easily eroded : and the 

= In spite of the “harmful | effects which the flood current produces in pro- - 


ll 


moting deposits, its action also contributes in a certain measure to the mainte- 


The young flood ascending the bottom of the bed while the ebb is still | : 


descending on the surface has been likened to a -plowshare which, under the 


pressure ‘of the water which loads ‘it down, may cut out the bottom. > This 
young flood makes itself felt naturally i in the deepest portions of the channels; 


it is said to ‘carve the passes”. The bottom particles taken up and put in 


Ly 


‘suspension by ‘the y young flood, and carried in by the waters, are recaptured by 


‘the current which carries them seaward. young» flood, therefore, 
assists the ebb in digging and deepening the passes. 


ee. The action: of the flood and the ebb, however, do not always make them- ¥ 


selves felt at the same places. two ‘currents indeed eut different 


annels, between which i is dead water, very favorable to the deposit of silt. i 


ws ‘Conditions Favorable to Drift D Deposit. currents will accumulate dr q 
and sediment, depending on their velocity, the agitation of. the water, the 
availability of erodible material, and the ease with which it may be placed in 
suspension. They will deposit their burden when, the velocity is reduced to 
the proper degree and the water remains ‘comparatively quiet for a greater or 
less length of time; also, when ' 
4 drift and a greater burden is s added to it, it will deposit the ¢ excess. 
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currents, and hydra currents having» the same periodicity as tidal 


“rents, will usually, deposit ‘mainly on the slack of the flood tide, but in in shel- § be carri 

tered places also on the slack of the. ebb. bed thus tr 
WwW hen the longshore drift has been transported by the various currents to a coast. if 
point of deposition, a1 and the process has continued | for a considerable length of m come, t 

state | of equilibrium may finally be ‘reached where st successive 2 deposits and bay 
which t 


are able to remove further as fast as Thenceforth, as wheal 
s the velocity of the currents remains unimpaired, no farther shoaling will 
— , and all drift brought i in by ‘the flood d tide will be swept out by the . 


In ease fresh water discharges a bay receiving a tidal scour: 


| 
tion ex 
- ing effect of the ebb will be correspondingly greater than the filling effect of yo? ; 
artifici: 
and the bay may be expected to keep reasonably clear of deposits. 
ease, however, the bay receives little or no fresh- ‘water flow, the flood will 
generally predominate. over the ebb, and deposition will exceed scour until the ‘fen 4 
channels are filled and even the tide i is excluded from the basin, ‘to 
eo, ‘Since drift carried. by currents which are periodic, i is also periodic in its ‘throug! 
-- movement, its path is far from, being a simple one. c Iti is subject to longer or pay th 
shorter halts when deposited, and to being carried back and forth many times: banks. 
over the same ground. | Being subject in these journeyings to constant attri: avoid F 
tion, the becomes smaller and smaller, and 1 proportionately ‘more easy ticable 
to transport. ‘The particle tends eventually to reach the sea, sinee, due to Ch: 
fresh-water discharge or to the effect of other currents, it will gradually work [increas 
In general, it it may be stated that all shore drift, whether beach drift or long- ae 
- shore drift ‘transported by any type of current, when near an inlet or estuary, dict: 
: -. will be _ gathered up by the flood tide > and transported i into the bay, w where it will Car 
tes be deposited, and from which it may or may not in turn b be. “scoured out tion, 
, and returned to the sea by the ebb. * This process may be repeated as many two sit 
, times as — particle i is transported within reach of the currents at any inlet. excess 
Sees Mud Deposits. —Mud represents the ultimate residue of the grinding ‘Z agains 
sg materials of ev ery kind u nder t the ceaseless action of these forces. In agi- one si 
on overlay 
the no 
duration which varies as the mud of a a “clages 
nature. Freshly deposited mud. can often be pumped as a liquid, but t little symm 
War USE vat 
little it takes 0 on - coherence and then behaves in the manner r of a damp « clay. — ‘the lag 
‘ Mud i is ‘deposited wherever the water is sufficiently calm. _ Muddy bottoms bar in 
at sea, , consequently, reveal the depth. to w hich the waves are no longer felt - only t 
- ordinarily, calm being one of the ‘conditions prevailing i in bays and Tagoons. Tesult: 
‘Practically all of these, therefor e, require works for mud removal, at least in in _chann 
of their parts, to prevent ultimate deterioration. with 
age Tnlets are most often an abundant source of mud, because they are vas ‘Plenti: 
grinding mills where the particles of drift are alternately carried up by 
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he in suspension in the waters of ‘the ebb flow ing from an inlet may 
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be carried along the beach by the prevailing littoral currents in the sea. it a 
thus aramepergee, for a cert tain distance from the mouth to another part of the 

coast. When the ebb current stops this. new region to which the mud has 
come, “the rome flood agi ain carries the. waters landward and into the inlets 
and bays, debouching there. The filling is done with the already turbid d waters — 
there again deposit a greater or less quantity of mud. 
deposited | by flood tides ‘in basins, mud consolidates n more rap 

‘than sand, deposits of a an _argillaceous n nature. The still water 


“promotes a rapid accumulation of marine grow th, the roots of which further 


~ 


tend to consolidate and bind the mud into a compact mass not easily eroded 


or put into suspension in w rater. Sand deposits do not take on this cones 
“tion except where ‘thoroughly permeated with mud. Iti is found i in excavating 


artificial channels in marine marshes that for those cut in the consolidated 
mud, where. -marsh grasses are abundant, the channels are of a more per manent -. 


to 0 support marine growth, ont, to occur. eut 
through such materials are extremely unstable, the bank flattening out quickly, - 
and the channel rapidly widening and shoaling by a breaking down of the 
banks. ‘It follows that, whenever practicable, artificial channels to inlets should 
avoid a route through unstable and shifting ‘sand- bars, and lie as far as prac- 


ticable in consolidated marshes. od) od 


Channels of the latter type will not erode and increase - in size under an 


increased. current velocity as do those i in sandy : material, but ‘they | soon on become — 
‘adjusted to local tidal conditions, and s serve navigation better. ’ 


63 auses —Many om are subject to a lateral displacement, termed migra- 
tion, + This may be due ‘to any cause affecting the physical condition of the 


two 0 sides of the inlet unequally. The most frequently assigned cause is an 

1 


‘excess of beach | drift accumulating on one side, thus forcing the channe 


against the other side with consequent excessive erosion. By such | a growth, 
“one s side - may extend outw ard and in front of the other, so as completely to. 


overlap | it, forcing the outer bar a considerable distance along the shore from 


the nor ‘ ; 

ay Sometimes, if conditions permit, particularly if the inner delta be not 


‘symmetrical with respect to o the a: axis of the ; gorge channel, or if. the area of 
‘the lagoon be not ‘symmetrical with it, the gorge will keep pace with the outer 


bar in its ‘movement, and the whole inlet will migrate; Ww hile at other times B a 
only the outer bar migrates, the gorge remaining in ‘the same place. | This a = 


results i in a lengthening of the ir inlet until it may become ‘simply a long narrow 3 BP 
channel. approximately parallel to the beach line, connecting a new outer bar 


with the bay. This is most liable - to occur when the supply of beach drift is a ‘ 


Yee Under other conditions, the moving outer bar may recover its original con-— 


dition, going through a regular cycle of moving in one direction until it lies os 
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alae to the sali, then breaking out on the opposite nas and again swinging 


the same direction . as before. At times, while one side | of the inlet is main- 


tl taining ‘itself fairly stably, the other side will start to recede, due - to excessive 

a erosion 0 r lack of normal supply of littoral drift, and a widening of the inlet 
"will ensue. 

inlet 3 may split into two } parts, 0 one of which will remain in the normal location, 

while the other will migrate in the direction of the original widening. Such a 


Direction —The migratory ‘effect of littoral drift on an inlet appears to 
depend on the relation between the respective volumes of drift and of tidal 


q _ flow. if the volume of drift i is small with respect to the tidal flow it will have | 


“little effect, : as in ‘that ¢: case the ratio between volume of drift and volume of 
= water is small ‘and the sc scouring capacity is correspondingly large. If the 
volume of drift i is large, its effect will t become appreciable, and w will increas 

re j 

ul The extent to which migration due to littoral drift may eum is deter. 
mined | by the extent of the connecting bay 0: or lagoon and the size of the con- 
necting thoroughfare. As : soon, as the distance between the | ocean and the bay 

by) way of the inlet and thoroughfare becomes too great, causing ‘undue > hydrav- 

ite resistances, the inlet begins to close, and another inlet more favorably 


ituated may form, or the bay may remain for an indefinite period effectively 


separated from the ocean, the excess fresh-water accumulation finding its way 


to. sea by seepage through the unbroken sand barrier. ‘Indian River Inlet on 


the coast of Delaware (Fig. 3) ‘closed 3 in such a manner and that large body 


of water remains ‘separated from the ocean except by the long artificial Dela- | 
are Bay- ‘Rehoboth I Bay Canal. ¢ On the > coast of New J ersey, L Little Egg Inlet 
2) migrated | until its connection with Little Egg Bay was long, when a | 


“Fie. 
“new and more favorably located inlet formed near Beach Haven, which has 


oth Oceasionally, the direction of migration of on inlet is opposite to ‘that of 
drift. It is very apparent, instance, that there is an unusually 


ela 

= movement of beach drift: southward from the headland at and south of 

Cape ‘Henlopen to Assateague— Isla nd. This movement goes directly past 


Indian River Bay, Delaware, and under the foregoing conception of the effects 
> 


of such movement an inlet connecting Indian River Bay and the ocean should 


-- The or iginal : survey, made i in 1847, however, shows that the Indian River 


broug] 


} 
Thiet (Fig. 3), recently closed, was at that time farther south, and» that in 


previous times it had been still farther south than thea! the 


total distance of northerly migration since 1847 having been 2 miles. The. 


‘predominant direction of the longshore current on this part of the’ coast is not 


known accurately, but the best evidence obtainable i is that it is southward. — 
— It is believed that this counter- -drift migration may possibly be accounted 
for as follows: The southerly currents: are here carrying longshore drift in 
such quantity as to be at or near the poin of saturation for the existem 

Any increase or decrease of that velocity would in a change 
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_ INLETS ON SANDY COASTS» 
of the: saturation point, giving the cur current a greater carrying power 
increased, and causing a deposit of the excess burden when the velocity is 


decreased. The same is true of the ebb flow out of the inlet. ‘. - When these two 


et currents meet (Fig. 4), approximately at right angles during the ebb at inlets, ; 
he the resulting current is in the direction of the resultant of the two forces, and 
0, its velocity is less than the sum of the two velocities. it carries 
La the sum of the burdens of drift of the two currents. “a ‘The new current, tending 
to excess on the side, thus tending to build up the south a greater 
al mate. than « erosion occurs. This « constant t accession of an excess of sand at 
ve certain times appears to result in this apparently exceptional case c 
ody @ It was noted, however, i1 in this case that the ¢ channel | through t the i inner bar 
ela: approached the inlet from a southerly direction, then impinging on the ‘north- 
nlet erly side of the inlet it was diverted southerly again, and by a second diversion 
“crossed t the bar i in a northeasterly direction. It is apparent that, at the first 
has B Point of deflection, erosion would occur to a degree that ‘would cause a con- 
“an tinued northward movement of the bend, and that the bend would i increase to 
point, where the narrow beach between the thoroughfare the ocean would 
t of IE be breached, causing: a new ‘inlet to break out northward of its old position, 
ally The s southerly movement of littoral drift would then extend the northerly side i : 
of of the inlet i in such a manner restore erations, pts 
ects Assuming that the southerly flow of drift at an inlet is constant and a at o — 
ould Bear the saturation point for ‘the velocity, the stream of drift will be 
oe into the inlet by the flood tide, practically none of it passing and going on 1 to ee : : 
iver the southward. the tide turns, the ‘ebb takes ‘up most of the load 
t in brought i in by the flood ti tide and goes out with it, meeting the oncoming a . 
side stream. On the southerly side of the inlet the continuity of the along- 
The [Shore therefore, will be intermittent, the deficient material having 
instance of migration of an inlet i in a direction opposite to the 
ntel movement of littoral drift is at Aransas Pass on the coast of Texas. There ate 
in the inlet or pass for many- _years. persistently moved in a southerly direction | 
while. the Tesultant wind and ‘consequent drift movement is northerly. — This a 
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ot 
— 
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ina southerly. direction parallel to the coast line for a considerable 

— tntll it strikes normally against Mustang Island, where it turns a right angle 
and flows to sea. Normally, the tides in “these bays are ‘small and generate 
mild currents, ‘but in times of ‘ “northers” the bay v waters are violently driven B 
south, escaping through the ‘Pass formerly caused erosion | 
and a southerly movement of the inlet. This erosion and’ migration 
have now stopped by the revetment of the bar nk « on Mustang |] sland 


a be 


‘= Where the inner bars of inlets have formed large marshes with long chan- 
2 nels. or thoroughfares through them connecting. the bays with ocean 


3 ‘through the inlet, the location and direction 1 of the approach of f these channels 


to the inlet seem ta. have a decided effect on an inlet. An improperly located 


may cause a a division or splitting of an ‘inlet. The 


angle of approach for ‘such channels seems to be normal to the coast 
th sides of the inlet is 


ae Division appears to be most likely w hen oun; are two Or | more channels 
converging at the inlet, one ‘suitably lonited or normal to the ‘coast line, and 

_ the others making an acute ‘angle with it. In such a case a regular cycle of 
division “often: results. The discharge from a ¢ channel having | its “approach 
at an acute angle will cling close to its side of the inlet, and will ‘induce 


excessive erosion and consequent widening on that side with the other results 


already -deserib ed. ‘The « off-springing inlet generally closes when it has 


a far from the main ‘stem to the eyele 


t and at 
a ersey, where the be Both inlets are now in the 


ry: 
early stages. of a cycle, the north shore in each case being in process 0 


erosion. 4 In the case of Great Egg Inlet many blocks of the ‘Borough of Long- 


port disappeared. A determined | effort is. being to arrest the 


toon, but without attacking ‘the basic cause, the e erosive effect of Risley 
Channel flowing to close around this point. tall 


“ae Absecon Inlet (Fig. 5) the channel called Main Channel, by taking a 


Oe short cut to sea, , had widened the gorge, and caused an extensive, troublesome, 
ges he middle-ground : shoal, and ha do washed away 1 ‘many acres of Brigantine Island. 
In connection with the construction of a road ‘Brigantine Island this 


channel has now been permanently closed, and the restoration of the southern | o| 


ot 


u end of the Island is now in progress, with an accompanying betterment of 


the elocity a certain critical value for the 


material aia the banks and bed, erosion will o occur until the velocity 
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an increase of to an of f the inner outer 
the velocity falls below the critical value, the current will be too weak to 
scour 01 out the detritus brought in by the flood tide, and shoaling will occur. 
It is quite: evident, therefore, that any lessening of the: velocity of the cur- 
rents through an inlet is a matter of some > importance. 

Since n most inlets in the course of time become automatically ad- 

_ justed to to the critical velocity » which for inlets on sandy shores will be quite 
uniform for different. localities, it can be , determined by actual ‘measurement 
of several inlets having more or less the si same character of bed or channel, 


velocity will be found in the narrow portion of inlet ealled 


oy _ the gorge, or throat, and i is ‘the mean velocity found there at the strength 
am of the flood or ebb tide. Where the inlet has widened out and has a greater 
‘sectional | area than in the gorge, velocity be less. than 


critical and the lability of shoaling ‘correspondingly greater. _ a 5 


&  §HIFTIN Na 


Direction of but few e: exceptions, the outer bars of all inlets 
fe, on the Atlantic Coast undergo an identical eycle of change i in location of the 
pass: or place ‘of greatest depth. It seems make little difference from 


which direction the predominant littoral drift. ¢ comes, the point of greatest 


- 


4 ina southerly ‘southwesterly direction until. the outer channel is bent 
“eel nearly parallel to the coast line, ‘gid the bar is. close inshore. As 
the outer channel approaches. this position, considerable erosion occurs on the 
adjacent beach, particularly on the outer edge of the lip of the ‘inlet. _ ‘This 
is sometimes considered a migration of the inlet, but is such in reality, 
és the eroded beach » will | again build 1 up ina later part of the cycle, and 
the gorge remains in ‘the ‘same location during the entire period. the 
| has thus reached 1 a point “close in to the shore, its rearward and higher 
“portion or base is more and more e subject: to the tendency of the ebb tide 
to flow to sea etraight across ss the shoal and is exposed to the attack of north- 
easterly | storms, which eventually work a passage through + that enlarges itself 


enough to become again the ¢ ‘The old and the 


| 


"of the bar is that of 


‘the ‘This “expla 
tion, however, is not satisfactory, since the prevailing | direction of Tittoral 
drift often varies with the season of the year and varies with h the locality, 
while the direction of swing the bar does not vary with the seasons. On 


e.. the - Atlantic Coast it is ; always in the same direction regardless of locality, 
Sie yet the rate of swing does vary, being greatest in winter and least in summer. 

a predominant direction of movement of littoral drift is clearly that 


of the ‘predominant direction of wind movement. In winter the northeast 


wey 


depth on the bars: moves at a slow rate from a location to. the right 
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in intensity, and cause a s a southerly drift. In summer the southerly and south- 


westerly winds prevail, “and cause ‘a northerly drift. Since the’ change of 
K to direction of the littoral drift does not change the direction of movement of aaa 
cur = It is well known that storm waves driven t to the shore break i in a depth of 7 

water approximately equal their height, t, and that in breaking they tend 

ad: to place” the bottom material in suspension ; and to hurl it toward the shore _ 
jaite with the foaming water. Such waves breaking against a bar tend to push A 
om: the bar back by thus eroding the point on which they break and to heap = 
nnel, 

alled come of ‘the material back « on the bar itself. At the e same | » time some of this — 

es ath material is apparently pushed sideways, so that the face of a bar on which 
heavy storm waves have beaten for some time appears flattened and 

The and easterly storms, being the most prevalent heavy 
3 A storms striking the Atlantic Coast, will strike the outer bar on its north- _ 
. ye easterly point, flattening or pushing it back to some extent and elongating it. 

‘niets Since elongation take place to any considerable extent n northward 

£ the due to the nearness of the shore line, it must take place southerly or ‘south- 4 
from westerly, the elongation extending into, and encroaching on, the channel, 
oatest thus ‘pushing the bar passage farther and farther in that direction. 
right constitutes the change of location | or shifting observed. 
Another effect of the ‘strong: northeasterly and easterly con- 
‘As tributes to this movement of the deepest water—the friction of ‘the wind 

n mn the blowing on the surface. + This friction causes an ocean current to set shore- 

3 This ward, the velocity of which will be about | one- -fiftieth | the velocity of the wind. i ea 
sality, On: the ebb tide, the currents : flowing from inlets. generally in a southeasterly 

* and “direction due to the trend of the coast line will meet this outside wind current, 
the and the resultant current will then set southerly or southwesterly, materially 
pigher affecting the shoals on that side of the channel and promoting their erosion _ 


b tide and the swing of the channel in that direction. When, due to these storm — 


north- attacks, great erosion of the bar shoal occurs on the northeasterly — side and r. . 

itself § the bar is there lowered to the degree that the low spot again. becomes che ve 

ad the peincipel channel, the channel is said to “break out” to the northeast. — vasbin ea 
- This theory of the movement of the point of greatest depth on ocean bars — 


ation. been deduced from a long series | of observations made on Absecon: Inlet, 


‘arther New Jer ersey (Fig. 5). .In this case it can be asser rted with gre: great confidence that. 
ion of the ‘shifting of the ‘point o of greatest depth o on the bar southwesterly is due 7 
plana- almost entirely to ‘that cause, the direction of - the littoral drift having no 


ittoral observable effect on the matter “of shifting. A single northeaster has been 


ality, observed to push as much as 100 000 cu. yd. of sand in. a single day into the 
s. On channel on the outer bar, by the elongation of the northeast shoal , resulting | ae * 
seality, decrease in ‘depth on the center line of the channel by 6 to7 
ymamer. 5 These excessive changes ; are observed only during and after heavy north- 

ly that “casters | or easters s. Subsequent to ‘such a sudden change a gradual improve- bY 


rtheast 
ne and 


“ment in depth ‘ahd an erosion of the elongated Portion of shoal will hed noted * se 


until, the 
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ON SANDY COASTS 


7 i conclusion to be drawn from these facts is t that if, by means ms jetties 


or the natural trend of the shore line, the inlet should be so faced that the 


_ outgoing tide flowed directly into the prevailing storm direction, the bar, 


being free from this e effect, would have more permanent location and 


The currents flowing back forth through the inlet have a certain 
capacity for eroding the bed and banks due ‘to the velocity, of the water. 


 - This eroding capacity is supposed to vary with the square of the velocity. 
Since, however, a deeper channel has a greater weight of water in it, and 


yay 
since depth tends to the formation of eddies and boils, which also tend to 


increase the amount « of material in ‘suspension, ‘eroding capacity is greatly 


fa dependent | depth. Shallow channels are, in general, quite free of eddies 


a and boils. It has been stated* ‘f that, when the discharge is constant. 80 that 


the chang s with the slope, th ne capacity of a stream ‘to. earry a bur 
den varies ith. the fourth of velocity, the “mean 


velocity in 


change in 


is The » working force by which a channel is cut and kept open is the energy 


contained in the flowing water. This energy, as_ with all energy - efficiently 


applied to useful work, must | be concentrated into the most compact form pos 
te sible for application to the work. . The amount of kinetic energy available 
any body of mov ing water is "measured by one- “half ‘the of its 
and the s square of its. velocity 2 mv*). As already shown the “velocity 
of 


a. constant. value. To increase ‘the available working energy itis 


-neeessary to increase -the quantity of water flowing and prevent the waste 
Pr. of its energy by dissipation of its mass due to lack of ‘concentration. _ That 
means that the water should be kept in narrow, deep channels instead of i in 


channels of equal carrying capacity. ites ott Samed: lav: 
This can be shown from the hydraulic equation, r= bs 


“wetted perimeter, res “This” equation ‘transformed form, 
means that a is equal to an imaginary area in which r is the meal 


depth and p the mean 1 width. ss ‘Since r varies inversely with p, for a constant 


aren, a of r is for be must be kept as 


‘should bea a minimum ora 7 “ shortest line 


given value ‘of a can as 
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INLETS ON 


ies iy Let R = the radius of the circle the area of which is 2a, then, er suit 

er. and the ratio, 


2 


general, it will iy 


j 
eile | which is the ‘smallest: possible value of the ratio, 
dies | “much: in no approximates having a mid- 
that 


stand at the required slopes. is believed ‘that a working 


neat value for this ratio should lie 20 and 30.0 


regimen and capacity of inlets and their respective lagoons are inter 
s dependent, and these bodies of water are closely related in many ways. Fo = 


ve example, the form and capacity of the inlet will determine the volume of the 


bie. 
par tidal prism within the lagoon, and the form m, area, and location of 
lable lagoon will determine whether it is possible by utilizing the tidal flow 
f its and from this lagoon to scour out a navigable channel through the inlet. — The 4 Shy 
ocity size of ‘the body of inland vater is thus a fadtor cin establishing the width 


Boy and, to some extent, the depth in the gor gorge through which ‘waters enter. and — 
from leave the bay as the tide outside rises and 
it is Where the inland waters are’ extensive the e position « of the bay with refer- 
waste ence to the axis of the inlet may be ‘of importance. The tidal ‘wave ap- 
‘That ‘proaches. the Atlantic Coast from a direction at right angles to the line of | 
of in the beach, 80 it is fair to assume that ‘the theoretical normal position of the . 
ost | axis of the currents’ through the inlet, if undisturbed by forces tending to. 


i “modify: it, should be through the middle of t inlet in a direction at right 


Also, if ‘sand is being earried by the longshore currents past. the. 
the inlet and some of it be seized upon by these hydraulic currents, 


will carry it into the bay, depositing most of it just beyond the 


mean 
of the gorge, where the currents are dissipated in the open waters of the 
ns 


Similarly, the ebb current will tend to carry material seaward a short 
Ny - distance and there deposit it. . The result i is to form. a more or less symmetrica 1 

“delta” ateach end of the inlet adt ai 
If an exact balance were maintained between the ongshore forces ap- 


Wroaching the inlet from opposite directions, these deltas ; might be symmetrical 


ept as 


With respect. to the | current axis, while, if there is a preponderance in the 
es from one probably would be disturbed. 
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lack of symmetry to: most interior deltas is to ithe 
a existence of ¢ an extensive body of open water er on one side of the inlet with 
only a a limited ‘water area on the other. This inequality may result in building 
a preponderating bay shoal inside the inlet which would force the ‘ain 
_ channel to one side as this. shoal grows. aig 


aus 


"Statement of the Problem.— is quite evident that a condition favorable 
ct to the navigability ¢ of an inlet requires a sufficient volume of water at the 
critical velocity, to establish and to maintain a “channel of ‘the required 
; = The ability to secure a flow of the requisite volume of water for 
this: purpose will depend « on the physical characteristics of the inlet and its’ 
- bay. The height of tidal rise in the sea, the length of the channel connecting 
the sea and the bay, and the size of the bay, are the principal physical factors” 
“thus concerned, that is, they are the principal factors. which contribute to 
_ the frictional resistances opposed to the flow of the water. An inlet of a cer- 
¥ = size is capable under the influence of the head due to ocean tides: i 
carrying a certain volume of water ‘between the ocean and the bay. This 
V volume poured into and out of the bay will cause its surface to fluctuate 
above and below a mean level, and the volume that flows in and “out of the 
inlet under the tidal head must equal the volume flowing into and out of 
the b: ay. These volumes, if they can be determined independently, in terms 
_ of the constant physical elements of any inlet, and equated to each other, 
will give an equation | expressing the relationship which must at all times « exist 
aa  bebiedh: those constants, from | which one unknown constant can be obtained 
when. the others are known, and from which the effect of any change in 
a physical ‘characteristics on ‘other « characteristics can be predicted. 
B _ Formulas will be deduced to express this mathematical relationship. a The 
covadl's _ hypotheses on which » the theory of flow of water into a closed basin through 
. x ¥ Sa single inlet is based, are that the flow is in accordance with the usual 
: : Sa laws of water flowing in an open channel of uniform cross-section 


under the influence of a surface slope; that the surface slope will vary with 

the levels of the respective surfaces of sea and basin; that the sea level which 

varies with the ocean tides; and that the basin level varies with the quantity 0 of & the he 

water flowing into or out of it under the influence of that t tide. The area of ¥ Bo 

the inlet channel is assumed as constant, as it would complicate the solution - freely 

— too greatly to allow for its ‘Variation with the stage of | the tide. Its value combi 


at mean tide is used. d best to, bin 3 
_ While not strictly i in accordance with observed facts, the of 


a both surfaces are assumed to be sinusoidal, that is, to vary according tc “ 


oe sine law. These variations will not coincide in phase, since one is due to 
2 the effects of the other, and a certain lapse of time, which is constant for ; given 
ca. conditions, is found anes the occurrence of similar stages of the ve variations. 

te Starting at mean celomie on a rising x tide, the order. of occurrence of 


various phenomena will as that time the level of the basin 
il be 
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INLETS” ON SANDY COASTS 
— dist of the sea, which » will be at its maximum. ‘The slope will be 
positive, or from the sea to the basin, and the current, : or tide as it will 


| be called for simplicity, will be i in flood. The flood will continue to run at : a 
“diminishing rate, since the rate of “increase of basin level “now — 


- greater than the rate of increase of sea level, hh will reach its maximu 
height and begin to fall while the flood is still running, but « at a decreasing x 
| Ata a time after high tide equal to the time of lag of the basin a tide, the 
a sea level will have fallen somewhat until it is exactly | equal to the basin level, — 
: the surface slope will be zero or | level; the current will | be ‘slack, neglecting 
Ball velocity due to inertia ; and the e basin will stop rising, that j is, it will have : 
7 reached its maximum height. : Since there is no more water being admitted | 
— & into it, it is ; manifestly impossible for it to. rise further. : Immediately as s the 


sea tide begins to fall below the basin level, a negative slope ‘is byregsesagead i 


a 


Fe ea the basin begins to empty ‘its contents into the ocean by =n ebb tide or 
“current. increases in rate, since the. ocean, tide “falls faster than the 


basin: tide, until below. w mean sea level, when the rate of fall. again decreases _ 


the ocean tide has” reached mean low water, and risen again s suffi- 


ciently to cause a zero slope on low water and, consequently, an ebb slack of | 
the tide, which. immediately changes to a | positive slope and flood tide. 


evident that this ‘condition is quite different from the case 


canal connects two tidal seas. Th that « case the lag or difference in phase of the 
tides at the two ends of the canal i is not due to the quantity of water passed 


through the channel into a basin of limited capacity, but i is independent of the a : 
quantity so discharged ‘a and due solely to the difference of time for the 


tg ‘tidal wave to travel by different routes to the two ends. In the case under 
Nhe consideration the. basin tide i is not a true tide, but is a filling and emptying - 


igh of a basin of limited « capacity by the water flowing from and to the ocean 

ual under the influence of its tide. Th the former case the heights to which the Be ay- 

ion § tide rises at the ends of a canal are in no wise dependent on each other, nor 7 


vith fs the lag dependent on either of them; but in the present case the height to a 7 a 
evel which the basin tide Tises and the lag are definitely and mutually related to 


aot Solution of the Problem—In. Fig. 6, let S be the se sea tide 
tion freely rises ‘and falls, flowing through i; inlet, or inlet and thoroughfare 


alue ‘combined, into and out of the basin, 

Let a = cross-sectional area of the inlet assumed as qonstant, 

of = distance from to B, or length of 

1e to =| slope of surface of water in J. 40 

= me mean tidal variation in the sea. bo edt 

instantaneous velocity of flow in I 


ydraulic. constant. — 
instantaneous ‘tidal flow of I. 
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ist 
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WEN poe 
= reckoned rising tide. oul 


= total time of one tide. sti pret 
= difference i in tidal phase at S and Bae lege 


dow cari taf of B. if fe lowell, tn pene to: ofm od) 


pitt Frarps obit Heid wy 


ols ai stort Y = — sin 


“represent, the tidal curve of the sea, and curve, woik : 


sin 2 “F ) 


i represent the tidal curve, assumed as sinusoidal, in the basin. The dotted ine | 


also sinusoidal, is the algebraic difference between these two curves, and it 


iol x KO 
| 


rill pane’ the fall, or head, existing between the Bea, and 1 the basin at any 
he sea and 


the gives th 


to the slope and its equation may written, = 
sin 2 z T hsin2 x 
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itersect, is highest point o of ‘the curve, an and ‘that ‘the erdinate, D, is 


2 


3 


at the point, His is, 


uating the vah 


which is the fundamental equation expressing, - the relationship between H, hy 


” and J. It shows that as h increases to a value near H, the lag becomes smaller b 
the curve, Ys approaches coincidence with Y, the slopes: becoming smaller 
and the velocities negligible. is the case when the basin is too small to 
(c) receive the flow the inlet is capable of discharging. As he ‘decreases, the —_ 
aa q “4 lag j increases, and i it is apparent that should hb become zero the lag would be 
ae ° the curve, Y, would disappear, and the slopes | would reach the maximum 8 
values at high and low tide. occurs when the basin is relatively 
“i very large, 80 | that the inflowing Ww ater has no appreciable effect on its level, fe oe, 
and is. favorable condition f for high velocities through the inlet.” fl 

em Expanding Equation (3) and substituting for cos, 2 a>, and sin 2 x — their 

it Tespective values, and — —h? , derived from Equation (4), E Equation 


sin 
K), A, B, and K having any values. A is termed ‘the amplitude factor, 
—B, the periodic factor, and K, the phase factor. In the case at hand, the a 
of B Bw ill be unity, as the desired curve will have the same re as ear 
| but n proper values must be found for A and K. AA . #3 we 
‘Placing the general e: expression equal to2L a 


= 
@Ls= H? — h?) sm 22 + — W — h? cos ox 


We All sinusoidal curves may be expressed © in the general form, 


be 


iia 
| 
oor, 
7 
— 
2 
— 
— 
ike J 
| 
| — 
— 
and 
» 


In Equation (4d), x will be replaced by 2 2 : x value of s is zero when 


‘Making these substitutions, Equation (40) bece becomes, impo. 
Replacing Kin first of Equation (4 b) by this value, s 
= Asin = A cos2z (— gives 


substituting for cos 2 — and for sin 2 their respective v lues, 


‘fren which Eq uation 4b) can be written i in the for m, 
7 


| 


2 

whence, 


equation for s can now be written, ai 


wikis | oF 
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be a maximum when 8 is a is, when t= This 


imum velocity ¢ occurring at the strength of the tide is the only value of v of 
as that velocity determines the effective scouring capacity of the 


UWS 


currents. Representing this. maximum mean velocity by and remembering 


ve 


After an inlet has a stable this will 
“critical velocity previously described. 30051 


oy 


‘Substituting the value for v (Equation (7)) in the dq=av ‘ 


“ives an for the differential through an inlet, in 


simplify th the variable quantities for integration let, 


ev 


a 


- To. find Q the 


differential must therefore be integrated between the limits’ — and 


4 

cos 2 x ( 


to al Q=Ca 4H? — NM 
By means _of the. -called gamma the value of sina. i 

wy 


found to 2. 3962 equation for Q may be 
= Ca (2.3962) 
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dur ab ia — ‘od and in 
‘a ‘The area of the basin is assumed to be constant for all stages of the tide, he TA 
and since its cubical contents between high and low water must be equal to | Sipe 
bite. 
the volume of water flowing through 1] the inlet, ‘it is clear. that such volum memay § 
quating the two expressions 
7 
Maxim 


a eee e 


@H FB) — — 


da ‘Equations (a), (18), and (15) will give (1) the volume of tidal discharge 
that 5 is | capable of passing through a given inlet under g given conditions in 1 the | i i 
pay; (2) th the size of bay required to allow the tide i in it to rise to a given height 


flowing through | an inlet of "given size; and the height to which 


- This second value may be substituted in Equations (11), (18), ees! (15) “— the 


These formulas are based on the assumption that the through the inlet 


is solely hydraulic and on other n necessary assumptions s fully explained. — aad 


are e of general application for cases where hydraulic: flow greatly exceeds: any 
flow due to propagation of a tidal 1 wave ee the ‘inlet, as no note of such — 7 


ia, Test of Formulas. —Most of the terms of ‘the — are capable of direct a 


= “observation 0 or of computation from obserted data, and the correctness of all 


F..> these formulas has been thus checked in the case of Absecon Inlet, New J ersey, — 
computed values of certain factors being. satisfactorily i in accord with the 


The discharge at Absecon Inlet was October 16, 1928, the heights" 


of the tide being observed both in the bay and in the ocean. ns ae 
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-INLE ON SANDY COASTS: 
were made in both Main Channel (Fig. 5), which then: had not been closed, 


and in Absecon | Channel, or Inside Thorofare as it is sometimes es called. Table 1 
the and the computed data relating to this inlet. et. 


TABLE 1 AND Hypravtic ror ABSECON INLET. 


perimeter, p ihe 6 tt. 


Hydraulic coefficient, C.. 
Length of channel. L’ 
‘Tidal prism, Qi 944 640 000 cu. ft. 988 200 000 cu. ft. 
Height of ocean tide, H 


1 810 ft 


_ Hydraulic coefficient, C 
Tidal prism, Qe 

Avea of bay (Part), Ma... 
Maximum velocity, Vin 


| 


‘Tidal prism, (Qi + 11468 680 000 cu, 1.445 610 000 eu. 


‘Total area of bay, 528 860 000 sq. ft. 210 000 sq. ft. 


"The computed values agree 80 closely with observed values as to justify the - 


of Formulas. —All the must be used w w 


cone inlet connecting a tidal s sea with a basin of definite capacity within which 


inlet. They would not be true in case of an inlet or strait connecting two 


tidal seas, as, for instance, a sea- -level Panama ‘Canal; the Cape Cod Canal, 
a the Chesapeake and Delaware Canal; neither would they be true in case 
— the interior basin were free of all tidal oscillation, except through the inlet, 


but also received a a large discharge from rivers. 3. In that case the inflow -and | 
outflow through the inlet would no longer be equal. toils woiy 


The value of C is constant only under the of a a uniform channel. 


; between the s sea and bay which has been assumed. In practice, the channel i ‘is 
seldom uniform, ¢ and the flood-tide deposits | continually tend to destroy ‘any 


uniformity that it may possess by decreasing the channel depths | and causing 


te current energy to be dissipated on shallow flats. This i increase in friction 


losses results ir in a diminished value of C at such Plages, Hence a value of 
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INLETS ON SANDY COASTS 


computed for the ideal conditions| within the 
considerable ‘percentage for the inner channels through and one the inner 


it follows that the value of C computed by either Kutter’s or 8 ‘for- 
mula for the gorge channel, and that computed by substitution of observed iz 
data for the other terms of the ‘formula herein given will be different; and 


the latter value can only be made equal to the former by. the application « of 
a factor, k, so that, k = —. 


nputed for the gorge, an ey aN 


_ sistance which the channel hen acquired by reason of its failure to be ation 
: in depth and_ on with the gorge channel; and, therefore, may be con- 
sidered as a measure of the degree of of the channel 


ditions area of basin, range of ‘tide, ‘size » ‘length of ete. 
__ Another phenomenon to which attention must be called is that all ‘the so- 
called constan nts in the equations are » really variable and have ‘a somewhat 
greater value at high water than at low water. The result is that at 
- water, particularly when h is small. and maximum ve 
high | and. low waters, the high- -water velocities will exceed ‘the low-water. 
oa velocities, but. since that condition will affect both flood and ebb. tides. alike 
the inequalities are) neutra ‘alized, , and their consequences are negligible. 7 


In selecting a value h, thus. determining the : size of channel that an 


q 


oer, of the hee a or the lag of the basin tide. 4 By the usual mathematical pro- 
cesses, it may be shown ‘that the ‘slope and , consequently, the velocity ‘is 

always at a maximum when ¢ = l, or at a time after ‘mean sea level 


a ‘Hsing tide equal to the lag of the basin lag reach 

maximum value, — T, and, consequently, h become 0, the maximum 


_-velocities. will occur at high ‘and at low water. Should hk be made by 
providing» a larger channel between | inlet and basin, and, consequently, the 
deg be made smaller, the time. of maximum velocities will more nearly ap- 
proach the time of mean sea level. increased value of h would. allow a 
= 
= basin early ebb tide, and might tend to give it "a considerable pre- 


dominance ‘over the flood tide. in removing. deposits. Observations seem to 

confirm = a view that those ‘inlets having a channel large enough to give a 

gonsiderable value to h are generally in better shape than those where the 
— tidal variation is not felt in the bay, that is, when h is at or near zero, 


although the latter gives the greater values. for the velocity. 


n the inlet, whether it artificial 


tion to ‘such ‘a high degree that the tidal cur- i 


— apers. | Pap 
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— tents 
— pertal 
pr the 
range 
— New 
ably 
chan 
ae 
2 
beco 
| 
or natural, resulting in conges 


rents are not adequate | to remove the accumulations of drift, operates to a 


¥ certain extent as a dam i in back, or ‘landward, of which the tidal fluctuation 
will tend’ to limits that become narrower ‘as the relative effect of the dam 


r the barrier becomes more and 1 shore ® pronounced. — Thus, an inlet r may form 


AU 


ays 


main 1 body of’ Whiehs is | not more ‘than a ‘mile from | the ocean with a ‘idl 


range of which is the condition at “Manasquan River and Inlet, 


Friction is proportional to the square of the velocity and is in Inverse 


ratio to the hydraulic radius, which for large § sections does not differ appreci- b 
re- ww from the mean depth. - Therefore, in channels where the mean depth is 


rm the. velocities are moderate, friction may have a negligible 

on- "influence in comparison with the enormous energy of the but under 


ing changed. conditions, when the depth is small and current velocities are large, 


‘Thus far, observations ‘on velocities do not determine | definitely. the q 

“fluence of energy and of friction on their ‘variations. Tt is probable, how- 

hat 


_ ever, ‘that ‘the energy of the current and the ‘decrease of, bottom depth have 
the general effect of increasing velocities, but that this ‘result. is counter- 


WOT 


ear : balanced by the resistance of fr iction, and all the x more so as the mean depth - 
ter becomes smaller. 


+ hs 
ike Assuming a uniform slope of 1 ft. mile and @ constant width of 
a _ channel . the velecity of flow will decrease with a decrease of depth as follows: 

Velocity, in feet Depth, ile vii Velocity, in infeet 


0.19 


Effect on Tidal | Energy.— —The id water flowing | into the basin 
potential and partly kinetic. Let Ww be: the w w eight of a unit volume 


by of: Ww ater, Q, ‘the volume of ‘the tidal prism, and Z, the height of the center 


gray ity of the above mean low- -water level. The potential energy, 


therefore, willbe, Ze “The kinetic. energy at any moment will be, - 
total energy of the tide, will be nob: 
| The energy of th the ocean ids: causes the heaping up of the water along” a 
i 
the shore, and the we water that flows into the inlet takes its energy from that. 
This total energy is being constantly reduced by friction. It can be shown 


if the. channel be uniform the energy will be reduced according ‘to. an 
5 
e being original energy at the 


exponential law of the form, E = E, 

ocean bar, and m a coefficient. 
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Reapers, 


At high- water slaek all the energy will have been into 
“potential energy, and a t low- -water slack ‘the. entire energy of the flow will 


been spent. It not follow that it will heve been consumed. in ‘the 


‘al inlet and basin, which. will consume only so much thereof as may be neces- 


sary to overcome the resistances ‘therein, but that any remaining energy in 
4 tide is dissipated i in the ocean on its return ‘there. “Iti is the object of the 


engineer to utilize. as much of this lost energy as” possible to assist in the 


__ Evidently, the amount of en energy, in the moving \ water is + dependent . on its 


volum , velocity, and tidal ; range. are dependent on the mutual char- 
acter, size, and other related physical characteristics of the inlet and basin. 


and 


i he energy increases more rapidly with ‘the velocity than with the volume, but t S 
80 also does the effect of friction, which causes a more rapid consumption of ania 
a energy without doing useful work, . Friction has a relatively smaller effect on parts 
 Jarge masses 11 moving at low velocities than on smaller masses moving at high | be m 
velocities: and having equal original energies. This, ‘together with the, fact 
that the ratio of silt or drift to water is so much smaller with a large volume, dete 
explains why large inlets are so much more readily maintained in good condi- om 
Effect of Variation Channel Width —Since the discharge through the Fi 
load inlet and thoroughfare, if there be one, must pass through each | cross- -sectional e a4 
ae area, the product of that area and the velocity prevailing there, say, at maxi- - oe 
mum ‘slope, will be constant. Then a “Gy, Vp, ete., for any 


number of points. A _value of a less than the av erage therefore an 
increased’ velocity which can be obtained only at the expense the total 


ae 49 energy, resulting i in a local rise in elevation until the increased slope i is great 

: enough to increase the velocity sufficiently to produce the required discharge. ; facto 
The effective v alue. of is, of co course, reduced by an amount equal to the 

Peg sum of all such local rises. A value of a above the average means a 2 he 
elocity, with consequent deposit of silt. “Ob, ‘the 


end igi PRopaGaTION OF IN THE Lacoon 

Projection o of discharge into” the lagoon | basin» at the point of 

7“ ngress ‘results in a ‘displacement of the water t therein to make room for the. , 

_ new volume, thus giving rise to an increase in level of the basin at that ; point, 

the water already i in the basin being pushed aside for its entire. depth. This 


F gives ‘rise to a wave of translation in the basin which i is propagated therein 


under the laws pertaining to waves of ‘translation, mn, which | are well k known. a ee 

‘The formula of Scott Russell for such waves is, V = vg + h), in n which, 

= 

bide Vis is the rate of propagation; d, the low- ‘water depth; and h, the height of oe 7 ee 
wave. The velocity ‘of the current produced by the wave of is 


on its ability to receive the full of that 
indi ated by the expression, mh. 999.8 
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‘depth of this ‘or is 6 ft. tidal. wave is on inner bar, 


te Vg (6 + 1) = = = 15 ‘ft. per see., ban 
we 8.16 ft. per sec. 


‘pit it ‘Sines: the time from low water to. high water, or 37, is 22 
the effect of the inflowing tide wohl be propagated the 40 miles to the upper 


end of the basin in about 4 hours, while the : sea water would only flow in 9 
miles before it would reverse. woltom “qo om al stodt , 
Since the wave of translation as it enters the hay is reversed before being. 


- transmitted throughout the more remote parts, it follows that the rise of those 


‘parts: of. the basin. due to the inflow of the tide is not. equal to h, but may 
be much smaller if the depth of water it in the bay is small. L It is, therefore, 


“necessary to apply a correction factor for each bay to the the in 
¢ 
determining its reservoir ‘capacity, making the true term, 


ron 


This correction factor will be near unity f for bays of circular form weet 


the thoroughfares enter ‘through a a “delta, as in Reeds and Absecon 
, (Fig. B) o1 on the New Jer: ersey coast, and, will be : smaller for bays like Barnegat 


and Chincoteague Bays (Fig. which are elongated and connect with the 


inlet at t one end. The factor will, also ‘be greater or ess as the of 


bay i 
; —iTti is not probable that the value of this factor can be determined 1 directly. 


except by ‘cubature of the tidal prism, but it can be combined . with the 


factor, k, to. be applied to the value of C as Ciadaal to previously, ‘so as to. 


Since k has been shown” to. be the measure of efficiency of inlet cand 


zy 


“thoroughfare i in conveying the water over the inner bar into the basin, and 


ik, is the measure of the efficiency of ‘the basin in ‘receiving | that water, = 
may be termed ‘the coetiicient of the efficiency of the combination of 


inlet and basin. Should both inlet and basin have an equal factor of efficiency a a 


oF inefficiency, making ke near, or equal to, unity, | it would mean that no 
"improvement of ‘one without. an equal improvement. of the other would be 


“MALLE 


justifiable, that be i improved equally should the basin be capable 


of 


‘Trax ‘SPORTING. PowWER OF CURRENTS. wel ot Bei 
from Experiments. —Little is known: experimentally of the 
transporting power of f large currents in channels, | an understanding | of 

which is so necessary to. an appreciation of the ability of currents to ) perform — 
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mi! With glass sides, found three clearly distinct phases of sand motion: jeeps _ > 


7 
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OF discontinuous ‘rolling motion, with ‘velocities 8 


rs 


2.1 and 2. 9 ft. per sec.. 


x. 


per second, at or near the Fy the surface ‘and: V, the 

mean velocity, in case of sand with grains of a mean diameter of 0.04 in., 

found. as follows: Until us exceeds 0.82 ft. per sec., or V, exceeds 1.27 ft. per 

there is no motion. Once motion begins, V, cannot be directly observed, 
- but the state corresponding to Deacon’s third yheve is reached with V, equal 
 Lechalas assumes that the force available to move the sand when V, 


0 
t. per sec., is, aii to job oli 4 


* 


, ¥ iia and this he puts equal to b q@ in i whieh, q is s the volume | of sand transported 1 per 


foot width of channel, which is assumed to have a width of Thus, 


as Jong as “does not exceed 3. that is, it is true Deacon’s first and 


second phases. 

Lechalas: found the value of — to be 0. 0004, 


the ‘particles remain undisturbed. this value is exceeded, motion 


a according to Deacon’ s first phase and gradual ly passes over to his second a 


phase, but there is no abrupt change in character until ‘the ‘third phase is 
reached od with a a bottom velocity which may | termed. the second. ‘scouring 


ame 
velocity, or Vy. When the bottom velocity exceeds this value the whole of the 


bottom layers ‘of water | are charged and clouded with sand, ‘and this: cloud rises 


“Tt is plain that once the bottom velocity exceeds V, scour will begin in a 
ai ‘and continue until by increasing the size of the’ channel the bottom 


oie velocity ii is reduced | to or below the value of V, corresponding to the ‘material 
of which the channel bed and sides are formed. 


From the law of Lechalas the absolute quantity of f silt to be transported for 


matter what the depth may be as long as ‘the velocity i is unchanged. 
as, _ Sinee Lechalas’ law is generally conceded to fail in the third: phase of tr rans- 


port” another expression for the relation between’ velocity and silt must be 
ound for it. An alk available experimental to the 


expression, 


the, 
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7 ‘al form, V = ! ond d, the following general rules relating to ‘scour are given.’ + 

Silted w ater does not deposit when v 1.05 Nd. 

Silted water scours when v > 1.37 NE 


Silted | water does not deposit w w hen v 2.2 


17 4 

Coarse gravel, pea size: q i; 

»~P aryl, th ait ra 0 9 


Silted water does not deposit when v >2.5 


Ratio of Silt to W ater — —This indicates that. the deeper the channel the less — 


“likely it is to scour, and the coarser the material the less marked is the effect 

Assuming a width of 1 ft. in any cross-section ,v = C Vas sand v = ed", 


Moved when v v exceeds 5 5 (a. 25, ite 


£ 


g ‘in which, C and n depend on the volume of silt carried and its mean. size. 
ot sh i roe ed an wi iw yt ols 


on fF If a ‘stream carries but little silt, n will vary between 1.5 and 2.5 and the | 
nd - transport will be that of the first phase; a value greater than 2.5 indicates - 

second phase. In the third: phase it may be as high as 6. Live 
If w be. the 1 rat —— , it is found that if v is kept constan t,d@ must increase 
Arts 7 This means that an 


wr decrease in the same ratio as — increases or decrea ases. 
xcess of silt or drift for a given velocity is certain to deposit and cause a 
ecrease of depth, while an increase in volume of water flowing with respect _ aCe 


to the drift will as certainly promote an increase in depth, or scour. It is 


(re 


probable that a “special study | would have to be : made along the foregoing or 
Similar. lines to evaluate the exact relationship between scour and velocity 


‘Scour. 


cour as Affected by Character of Deposits. —At ‘most inlets | on sandy ; 


oasts ‘the material comprising the bed of the ocean is a light fine sand admixed ~ a ; 


i 

co 

ike a certain amount of soft, mud. ss ‘This mud i is not likely t to be found where _ 
wire action is effective. inside inlets, in the comparatively shel- 


ter red waters, various adm mixtures of sand and mud may be expected. en 


hs 


= 


phe Control of Water,” Parker, Lond., 1913, pp. 487-495. 
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this mixture has been undisturbed for ae considerable period, the colloidal 


velocity which w will erode and transport sediment freshly y deposited i is not able 

to do so with sediment which has become somewhat consolidated. _ Thus, ero ero- 


_ sion: may be expected | on the ocean bar at velocities which are not necessarily 
a erosive inside the inlet; in other r words, transporting velocities are — one 

been put im suspension from any cause, transportation may 


the current to erode. . Frequently, therefore, in inside waters a current 


-silt-b 


tt. per sec., this will to a mean velocity of 2 ft. per sec., w H 


therefore ‘may be considered das an erosive velocity. When an inlet has 


. as state of equilibrium where changes 4 are slight and of infrequent oceurrence, — 
era erosion and fill from the flood tide « are equal, that i is, the « one i is just sufficient - 
ae: remove the other. oe the amount of material brought in by the flood tide 


s small, the work of erosion to be done is small, and the inlet will have ad- 


justed itself to a channel which will . allow correspondingly | gentle velocities. 
‘The inlet, therefore, will be in good condition with due regard to its possible | 


the littoral drift is large, and correspondingly large amounts are brougl it 

in by the flood tide, the current, ‘must have ¢ a greater velocity to remove the 
greater quantity of drift. It can acquire that greater velocity naturally only 


_* the cross-sectional a1 area becomes smaller by: the deposit- -of some of the drift, : 


_ thus causing a deterioration i in ‘the condition of the inlet. It is apparent from 
_ these considerations that the eritical velocity at an inlet on a sandy coast will 
depend on the degree of fineness of the material hag mene the ocean bar and 
on the readiness with which it is eroded. by 

Hooker’ Conclusions. —Mr. E. ‘Hooker, after a rather complete study 
‘of available data on the suspension of solids in rivers, expresses his ‘conelu- 


sions in the form of a series of propositions, as follows :* i 


- “{_The movement of solids by water currents may take place by dragging, 
by intermittent suspension, or by continuous suspension. hob, go. dite! to 
——Motion 2 in each of the three ways is increased with an increase 


- depth; yet the depth itself can only affect the intermittent motion. = 


_ €3.-Motion by each of the three ways is increased by increase in _ mean 


presence of sediment in a stream decreases its mean velocity. 
—Dragging, as well as suspending power, with the heaviness 

of the liquid and with its coefficient of viscosity. 
far greater amount of solid material “by sedi-- 
“mentary rivers is carried in continuous suspension. 


. —Sand waves of considerable size are formed in the larger rivers. ‘Their 
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8.—Th 
weight of ‘material - per of water 


2 weed “10.—An increase in vortex motion increases the pov power or to transport. cuit 


“11.—Continuous vertical or lateral currents which could not be explained 
by local causes in rivers have not yet been proved. 


—The phenomenon of ‘suspension requires for its explanation | a con- 
tinuous upward force. Intermittent forces are not sufficient, although — the 

13.—Bodies suspended in flowing water, either intermittently or contin-— 
uously, tend to ) acquire a vé velocity greater than that of the water ‘surrounding 


“14._The transportation of m aterial | consumes part of the e energy of any a 
-silt-bearing stream. _ A greater load of fin particles than of coarse can be 
-earried with the same expenditure of energy. 


Hooker’s conclusions* as to the causes: of the suspension of f sediment in 


“flowing ws rater are three: ‘Yo of ‘bas ‘ge 


t—The resultant upward thrust due to eddies, conditioned on ‘the 
Boy that the earth profile offers more rugosities than the air profile and = 


the effort exerted by a current ‘on a solid. varies as the square of the relative 7 
Fret - “Second. —The resultant upward motion of solids due to the fact that an 


immersed hod tends to move faster than the mean velocity of the 


gciniott wot 

Necessity for Large Volume of F low ——Consider an inlet which has reached 


an apparent state of semi- -equilibrium for a tidal : flow of: a given amount. a 


For any less. tidal flow , resulting from a a very low series of neap tides = 


might be in the shoaler reaches" of the thoroughfares, a portion or portions 
where: the flood tide deposits may gain: ‘slightly the ebb scour, which 
deposits ¥ will result in a somewhat greater obstruction to the next normal tide, “0. 
and in a small decrease i in flow. Such an upsetting of an equilibriym can as . 


‘= 


¢ only result i: in progressive deterioration, since at each following period of a 
deficient tides the same action will be repeated and continued until closure 

gs { 
wd 


maintenance ofa full- sized channel by dredging bay and 


- the ocean is essential to maintain the full efficacy of the currents and to 


cause the expenditure of their energy at the desired place. A great advan-— 


tage of this interior dredging, aside from the question | of maintaining good — a 


hydraulic conditions, i s that it can be done 80 much more cheaply ‘than on the. ee _ 


| bar (except those bars on which large sea-going dredges « can be used), 


and that the matter of disposal of the dredged material can often be combined ie 2 7 : 


With the reclamation of the marshes, to the great advantage of both classes 


of Operations. Also, the character of equipment required for the interior 


"dredging i is simpler ‘and less expensive to acquire than for ocean- bar einai a 
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tide of an inlet i is of the size of the inlet, will be 
es same in volume or will vary in volume from. m causes s outside the inlet, whether 
fe . a ~ the inlet be large or small, it must be apparent that the larger the volume of 
i: current flowing, the smaller the ratio of drift to volume of flow, and hence the 
_ more easily is deposit taken care of and the formation of shoals and sand 


an detrimental to navigation and to tidal flow prevented. ts 
a aes At the Third International Congress of Navigation held at Frankfort- -on- 
a | Main, Germany, i in 1888, Franzius, in discussing the importance of i increasing 

the volume of tidal flow, v, expressed the 1 view w that: to de 
“Estuaries” without marked tidal ‘fluctuation can in most cases only be 2um 
rendered navigable by narrowing- in and keeping together the fixed and non- 
Bool 4 increasable amount of flow in all reaches where the formation of branches or B some 
1% _ deltas is to be feared, and by then carrying it out to deep water between train- ie 
ta <g ing banks or jetties. Should a natural lagoon, separated from the sea, and gore) 
oe “i filling and emptying under the influence of varying winds, exist close above — 0°! 
aa _ the lowest reach, or at the point where the river proper flows into the estuary, — Both 


this can be utilized for obtaining a greater depth for the lower reach (the § dere 
= estuary proper) than is attainable above. Estuaries having high tides may be ‘@eats 
tendered navigable by increasing the quantity and velocity of the ‘tidal ‘col- 

umn as far as possible — * * %* The average velocity, however, in the main Proje 
"stream or in the low-water channel must not be permitted to diminish for -iner 
fear. of the formation of a bar. The low- water channel should be uniform, impr 


its Fifth in 1892, that Congress considering the 
effects of tidal flow in applicab the 
. ©The size and depth of a tidal river being mainly due to the tidal i ftom, - mue 


any works which increase its volume and extend its influence, such as the ‘s 


removal of obstructions, dredging hard shoals , and the lowering of the low- B thi: 


water level by deepening the channel, effect an improvement in the navi- § °° 
-gability of the river; whilst any works which restrict the tidal influx, even | ~~. 
‘though producing a local deepening by scour, are liable, | unless: under excep est 


“The regulation of the banks of tidal rivers, so as to remove abrupt varia- 


Yo 


| bar 
tions in width, equalises the tidal flow, reduces accretion, and facilitates the § 7" 
tidal influx, and therefore constitutes an important means of improvement, ae 


_ even if accompanied by a slight reduction of tidal capacity | at certain parts @ nun 


by the obliteration of indents, which are in general more than -compersated —itw 
ior by the improved scour, and consequent lowering of the low- water line, B aa 

especially if accompanied by the removal of shoals. Jo 
hae “The extent of the filling basin necessary for the maintenance of rivers ome 
and of their estuaries depends more on the methodjcal and rational laying J bot 


ao3 out of the bestiond and widths, than on the lateral reservoirs which sometimes 


_-~present grave inconveniences, and which ought only to be constructed in special 


eases.” od age bozbeth adi to Tszoqeth, to 
-_:oeetithe: importance of dredging in the inner delta channels as a means of 
“conserving the tidal flow of the inlet and preserving it against ott Gdstraction 


is ‘thus manifest. 


Te Inner Bar the More gern, to Tidal Flow.— —The principle of con- 
centrating the currents into marrow and deep channels as far as mms: 
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is sisusliy’ Sulina to! be grossly y violated under natural conditions both | at the | 
inner and the outer deltas’ or bars of inlets. The outer bar violates the rule 
with its great cross- -sectional area, its long wetted perimeter, and its shallow | 
depth. Yet, the outer bar is more e: easily affected by the forces of the ocean 
ef — may remove much of the deposits there, preventing its undue extension FI 
nd | | into the ocean and making it quite short across from deep water inside to 
"deep water outside. The inner bar usually retains more deposits than the 
n- : outer and is affected destructively only by the ebb tide. It therefore builds 
up faster, is more extensive, the distance across from deep water in the dicen - 
“to deep v water in the bay i is qheater;’s and it is more likely ‘to be intersected by 
numerous small channels separated by intervening flats. 
The growth of the interior delta may | become so great - that lc long ‘nidibiogs 
sometimes called thoroughfares, which are really continuations of the it 
gorge, are found connecting the bay with the inlet, the actual inner bar (or 
point: of least depth) being where these thoroughfare channels enter the e bay. 7 
bars are obstructive to the inlet currents, and, in view of the prepon- 
-derence in extent of the inner bar, it is logical to assume that it is a greater mie 
obstruction to those currents than the outer bar. Yet in inlet improvement _ a 
projects scant consideration. is usually accorded to the inner bar and to 
increase of inlet current velocity and discharge possible as as ‘result of its 


The rapid dissipation of current energy and velocity in channels 
ad flats, even m when they are are just inside the inlet, ‘is ee shown in the case <2 


er | 


‘ 


and under the tidal range should 
: much better conditions on the outer bars of those inlets than now exist. Reon 


_‘negat Inlet on the New Je ersey Coast is an example, and Ocracoke Inlet: 0 on 
the coast of North Carolina is anothe 
ia Barnegat Inlet is the only outlet to the ocean from Barnegat Bay, the lax 


34 
bay dn the New Jersey coast, yet several other inlets maintain better 


velocities ‘and discharge and, consequently, have e better channels across 
bars. Ocracoke Inlet is the principal outlet to the ocean of Pamlico and Albe- a 
Sounds, with | several large rivers. ‘discharging into them, yet 


Wien od 


"numerous channels and shallow ‘aes’ of both the inner and outer deltas make = 


it worthless as a navigable v waterway. 


The currents into out of either of these inlets are not sufficient to 


cause much perceptible variation in the level of ‘their respective bays. In 


cases, if a suitable single were provided ‘through the inner bar 


7 and the currents thus confined, and not allowed to become dissipated, extend- i 

¥ ing from the gorge to deep water in the bay, the ‘greater discharge and ve ocity — 


hat would result would soon erode a good navigable channel on the outer bar. ¥ 
Behe increase in the size of these inlet channels sufficient to admit enough, - 


_ Water to cause a tidal variation, of 2 ft. or more in the bays would result i in 
enormous volume of flow, with irresistible scouring, energy. 
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co INLETS (ON SANDY CO 
for navigation redging and properly applied inner bar, 
} as to make the volume of tidal discharge the maximum that could be eco- 


nomically secured, would yield results as beneficial as, Or Possibly 1 more bene- 
ficial than, could be obtained by a: an equal amount of work applied « on the outer 
would be to prevent the energy of flowing: water from 


80 
4 


and thus reduce the necessary dredging which are diffi- 


cult, expensive, and unsatisfactory. 4 2 bi 


+ a _ If the requirements of navigation call for a channel « of greater dimensions 


than can be maintained | by the volume « of water flowing, controlled by concen- 


“ he tration on the inner bar, the further enlargement of the channel by dredging | 
7 - would be of doubtful economical feasibility, since after the be bay tide is increased 
a bys such dredging, ‘that iy when has a value of approxi- 


An examination of the formulas shows that an discharge must 
. * be obtained, either by an increase in the capacity of the inlet channel so as to 
. 4 increase h, or r by an increase | of the area of t the bay, M, or by both means, care 
being taken not to make the value of h too near the value of H, as that would — 
result in a decrease of velocity. An increase of area, M, is preferable, seijing 


h at the correct value to give the eritical velocity. Often it will be imprac- 


ticable to in increase ‘the bay area at all, but sometimes adjacent inJets 


nels connecting them with their bays may be closed and their basins connected _ 3 
* with the el chosen inlet by suitable channels, the | size of which can easily be aon 
puted i in each case to permit the most effective use of the basin ¢ area. Tn som me . 

the discharge of an inlet might be thus increased 50%, or more. 


‘The principles hédéin set forth are also applicable to an approximate degree | 


to that class of sea-level canals which connect a ‘tidal | sea. with a large bay, 


lake, or non-tidal sea, the essential, elements being that ‘the water level at 
one end of the canal be ‘fixed, that the other end be tidal, ‘and that. the canal 
be short. The flow through such canals will be largely hydraulic and will con: 
characteristics of two such canals 1 may be cited. The Inland 


from Pamlico Sound to Beaufort. Inlet, North Carolina, was | completed i 
: 1909. Tt is a sea-level canal, and when completed was 10 ft. deep at mean low , 
water, 90 ft bottom width, ‘and with side slopes of 1on 2. It runs practi- _ 


north and so Beaufort Inlet at the southern end by way 


_ tidal; their surfaces, ‘however, are subject to changes i in level due to the winds, — 


"changes of 1 ft., or more, ‘during the day being quite usual, Based upon mean 


of. Core Creek, 
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low- water mean low ‘water in Adams Creek was 1. 
Mean creek level is somewhat higher, but its exact value is 1 not enawre at. 
te completion the dredging operations in the | 
canal some rather crude observations were made of its hydraulic properties 
Tidal oscillations were determined at approximately equal intervals along the — 
canal and current velocities measured with current meters by the so-called 3 
“six-tenths rule”, the velocity at the center of the channel at that depth being 4 
as the mean velocity.* Lita oben et. 


was found that 1 the flood- tide’ currents generally ran somewhat longer 


) ae the ebb currents, and possibly were somewhat stronger, resulting in the _ 
hitherto fresh water in Adams Creek b becoming somewhat brackish. Under 
the theory of hydraulic flow the currents should have their greatest strength ead aay 

at high ‘and low water; it was found that it was ‘sometimes as much as one— . 


_ hour after high or low water wr the ‘current was strongest, while flood and 


ers course, easily explained by the inertia of the flowing water, which a 

to flow i in one direction until a contrary head develops, sufficient to change ii it. br ‘ i 
- However, i in a canal of such dimensions the : flow i is not wholly hydraulic, 
is partly true tidal propagation. It was found, nevertheless, that the average a 
maximum ‘and mean velocities and the total discharge, or tidal prism, 
ig well with those computed by these formulas when h is made equal to zero. 
excellent account of currents in the Suez Canal, which confirms 
these principles, has been givent by the late Baron E. eo Quinette de Roche- = 

Tf aceurate results are desired in case of such canals as these, howenie, 
uniform flow formulas will not suffice. ‘Wave propagation must be taken 


consideration, , leading to an entirely different set of formulas which are not 


Over THE OcEAN Bar, Its IMPROVEMENT odt 
— As soon as the channel passes from the gorge 1 toward the outer bar a ae 
-_inerease in area in 1 wetted perimeter begins, and ‘continues until the 


of the bar is passed and the channel is merged into the sea. Since such an — * 


results in | a decreased | hydraulic radius, or mean depth, and a 


- pation 0 of the energy of the flowing current, a concentration of the current bis 


even out over the ocean bar may y become necessary to provide sufficient so 


“over o all parts of it ‘below the water ti at rates dependent on the —_ 
a ‘ence of heads, a and on the depth of water. Since the navigable channel or ’ 


water will extend over only | a very small part of ‘the whole length, we 
oy 


“Cours de Travaux Maritimes,” Vol. I, p. 73, Paris, 1900, choy 
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known, and the bar crest profile can found, ‘the percentage of flow. 


the limits of the ] pass n may be computed sufficiently closely in a ‘any given ease 


to determine the ue approximate | degree of dissipation of current energy on the 
one thus gauge the necessity for i -inereasing its ‘concentration. 


of the discharge te over a selected portion of the bar, hence bar dredging const 

in general will not result i in permanent improvement « of an ocean bar, unless short 
the dredged channel is made large and deep enough to concentrate the dis- and 
charge and generate currents. of a proper velocity to keep it clear of deposits. 
The most desirable | le improvements of an inlet would probably be those for 
_ the purposes of fixing ¢ a migratory inlet in place, of preventing erosion of the 
sh shores, of promoting or increasing the navigability of the inlet, or of intro- 


=a ducing larger volumes of salt water into. the lagoons to promote the fishing, 


oyster, or clam industries. The purpose of the improvement | will have 
influence on the means to be selected to carry it out. The more usual methods 


s 


are jetties or dikes to confine or fix the channel and to reduce width, and tl 
dredging to increase width o or depth of channel, ob such a a combination of these part. 
diate 


inlet j is subject. to. division or to migration toa ‘small or not 
oe at all; that the principal obstruction to the flow of the tide is within the inner 
Geta: or that when a suitable channel is provided, the basin will be sufi a 
" ciently. large to receive the volume of water essential to maintenance of all 
necessary channel by its velocity of inflow ‘and outflow. While dredging on 
the outer bar may afford temporary relief to navigation it cannot in the nature 


4 of things afford a permanent improvement | in depth unless the channel and y 


a inside basin are such as to promote an increased velocity so as } to maintain 


Any. dredging done either inside or outside gorge: is useless in far 


conditions toi a 1 degree that will either establish a state of equilibrium between 
scour and. deposit, at the desired stage of improvement, or result: in 


Generally dredging cannot improve the outer bar of an ‘inlet up to the 


full limit of capacity set _ the mutual r elation between inlet and basin. esi - 


the 
possibly both on the outer and inner bars. of sid 


ETTIES 


4 Kind. —Many types and werigtios of jetties have been. used, but that found 


‘special | 
The jetty is particularly suited for use its is to 


stone mound type, of size construction ‘suited to the 
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INLETS ON ‘SANDY ‘COASTS | 


in n place : a migratory inlet, to prevent erosion of the shores of the inlet, or to 
promote the navigability of the inlet. The length of jetties and 1 their dis- ae 


} “tance: apart depend « on the depth of channel to be secured, and the amount of | 
€ discharge through baie inlet. All these factors of separate — 
4 
wooden piles stone, ¢ or of closely ond piles. No 
- construction, however, can be recommended on the seashore on account of its 
short life, as. it is immediately attacked by the teredo and other sea worms 
and is of insufficient strength to support the ravages of storms. — A single 


f sali for an inlet has frequently been proposed, but twin jetties will be found 


to be more satisfactory, except in a few cases. 
/Punctions—The principal functions of a jetty are two: First, to 


as much as possible the heavily laden littoral currents which ‘dow, close inshore ‘ 


entering to trate | the energy of flow on the 


bes 
as, The flow of “al early flood tide is usually felt pra the sides and bottom ay 
e the inlet channel even before the ebb has stopped flowing in the a 


i 
: part. This young flood current is always regarded as ‘the heaviest carrier of 


silt. It may enter over and across shallow flats where. wave action keeps" th 
band continually stirred ‘up and in suspension, causing the introduction of. 


- excessive | quantities of sand, which, when washed ‘out by the ebb tide, is ‘imime- 
diately ‘re-deposited o on the the operation becomes a continuous cycle. 
= a properly constructed jetty is located so as to cut off this route of entrance 4 
ia the flood tide and to compel it it to enter by the , deeper main entrance, the oe ‘a 


- flood ‘will no longer be charged with this abundant load of sand, and the energy 7: 
of the ebb currents may be devoted to scouring an ‘increased channel rather po 


being devoted entirely to overcoming ‘the harmful ¢ excersive flood deposits. 

7 


Tf only one side of an inlet is bordered by such shoals, a single jetty ‘cut. a 


the bar as to secure the and desired, or 


Considering the ocean bar as a 


| an increased difference of head on each side will generate currents: of vel city 


sufficient to erode the weir ‘and deepen the channel. The desired ‘depth of 


channel being known, the proper width between twin jetties. can be computed 


then the formulas given, by solving for p when a proper value of a is known. 


«Effect | on Beach Drift. —On beaches | composed of very mobile material ‘the 


- ve - transportation of which is generally easy and rapid, ‘and of which the relief i is 
Consequently modified i in a prompt and perceptible manner under the ‘action 


ae the works which may be carried out ‘there, the. placing of jetties becomes — 


particularly delicate matter ; it is necessary to foresee especially. the influence 


‘that the projected works will on of depth in the entrance 


The sand which composes the beach is constantly in mover ne 


movement under the 
action the waves ‘currents. ~The waves are the principal agents of 
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INLETS ‘ON SANDY COASTS ap 


_ turbance of t the sands and their action is much greater than that of the tidal 


currents the velocity « of whieh i is gener ally small, Even at those places where 


the profile of the beach is in ‘equilibrium, the materials of which it is ‘composed 


Ting, the: movement of. ‘drift: is modified, ‘bat the importance of this modi- 


- fication varies according to the forms and to the « orientation of the works. 


Sand accumulates: in the angle between the beach and the jetty by which 
its travel i is stopped. The littoral current, moreover, , loses velocity on Vision 


ing the work to turn along its outer face to reach the open which favors 


‘deposit. ‘From this double cause the contours in the vicinity ¢ =. the work are 


dafteted: presenting their concave side to the 


building up of the shore produces an advancement of the foreshore. 

Fors a certain time ‘the: contours of certain depths may not be affected by the 

advancement of the shore line. The ‘slope of the foreshore becomes then 

gressively steeper “until it reaches the ‘maximum ‘slope compatible with the 


. of the materials which pise it; a lessening of depth is thus neces- | 
sarily effected, and the sand tends to extend out to the head of the jetty onl 


9 
oe to form deposits outside of and beyond its end. ‘The benefit previously received | 
Gees and, at times, even disappears; . as a consequence, the work may | 


ven have aggravated the preceding condition. The calm which ‘the jetty 


produces is also favorable to the of drift held in the 


- 


dicular to the coast and its in moderate to 


where the littoral current | is weak, | the sand, after having filled the space above 


‘the jetty, is carried by the current formed along the exterior face of the jetty. 


Dla 4 


This current in meeting the littoral current partly loses its velocity anda part 


its drift i is deposited, tending to form a bank beyond, or possibly slightly 


down stream from, the front of the entrance. Another: portion ‘of the drift 


ie is carried inside by the currents, which form eddies i in the angle protected by 
When the jetty, | in place of being perpendicular to the beach, forms an 


0 obtuse angle with it, , and its outer end is curved in such a way as to be ter- 


minated by a portion almost parallel to the shore, the meeting g of ‘the | longside- 
current and of ‘the ‘littoral current is accomplished u under better ‘conditions. 


‘The deposit caused by the meeting of the two currents is less ; it may almost 
“cease: if the | littoral current immediately at the ends of the is 
ciently stron ng te carry the drift beyond the jetties. 


When 1 numerous and violent storms attack the beach which has form 


above the has. ‘the effect of carrying offshore considerable 


_ Natural circumstances, therefore, may combine i in ‘such a 
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_may_have a favorable effect without any harm being done to ‘the entr 
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a state of 


y forces, such a state corresponding to sufficient t depths i in n the channel for navi- 


gation, but. this i is a rare case and usually some dredging is , required to prs 


High vs. Low Jetties— —Jetties giving access to inlets intended to fix 


the channel and to guide: the currents, may | be high or low. Low | jetties are, 


built in such fashion that their crests are only slightly the beach and, 
it, have but little slope. Such — have with | 
flat s 


of th these w 


“fixed at least 8 t to 10 ft. above the level of high Ww water and be 


aE Low jetties disturb very little the regime of the currents and. the AF 
gation of waves. permit a certain amount of wave action: in the channel. 
3 Low jetties on 1 sandy beaches permit to pass a certain ‘quantity of drift. which 


| then falls into the channel; it is ; necessary to remove this by dredging. .. 
a3 High jetties stop the sand and thus cause an advancement of the beach, | 
this” action may be remedied by dredging a guard ditch | outside the 
- approach channel in the direction from which the drift comes. — They ‘may 


also cause a certain amount of deposit of mud i in the inner ‘channels by: reason 
0 
therefore, cost ‘more than jetties, but ‘they give better ‘shelter to vessels 
the channel. High jetties also’ guide the swell which penetra ates the 


Tow, jetties and high jetties, therefore present reciprocal advantages and 


r disadvantages which would lead t to a a preference for one or the other — 


are. almost exclusively for navigable channels. This solution is 


importance due to vested interests high estate values, their | 


_ must be very carefully studied. oe he effect of such jetties as have been 


most carefully watched seems to be a building up of the beach on their wind- | 
ward side, and a certain amount of denudation of the beach | on n their leeward 1 


This effect i is quite apparent in case of the twin jetties 


Cold Spring Harbor, Jersey (Fig. 8). The beach known’ as Two- Mile 


the. easterly or windward side has built out very rapidly, much’ 


2.000 ft. alongside the jetties, the advance growing less at more “remote 


On the westerly or leeward side Jar recession of the beach of 100 to 200 | 
t has occurred, n near the jetties, and similarly diminishing in extent at remote eat a 


normal sup supply of 
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— local conditions preclude th the risk of conditions likely to result from 7 
“jetty construction, the problem may | still be su successfully. solved by building fe 
dikes in prolongation of the beach line § so as to narrow the gorge | to the size 
required by the tidal flow. ‘This would result i in fixing the inlet i in place and 


protecting it from n ‘migration or r division without interruption to littoral drift, 
but with little or no effect or on its 


| 


sand, and recessi( g marsh formation at and 
‘The jetties deflect the currents that would carry it past the inlet into — — 
- so deep that it is no longer carried shoreward by the waves, but into deep water } : a 
— 
— 
#3 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 


PAPERS AND DISCUSSIONS) 


= This Society is not responsible for any statement made or ‘opinion expressed — 


afar 


Gu. BOY, * ‘Ju. Au. Soo. O. E. dail 


The results of a series 0 


"mixtures of sand | and mica, of uniform composition and grain git (0.5 mm. 
form the basis of this ‘paper. The experiments show that the presence of the 
“flat mica grains has a marked effect on the compressibility of the mixture under —_ 


~ load, on its expansion after release of pressure, and on the’ limiting voids ratios. Si - 
consistent with equilibrium. _ They indicate that the characteristic behavior of 


fine- “grained sediments, s such as silts and clays, _ is principally ascribable t to the 
= “presence of flat grains. is found that the compressibility. characteristics of. 


any given fine-grained soil may be reproduced. on a macroscopic scale by 


ing a proper mixture of coarse sand and mica. This fact indicates that any 


Tf 


system of analysis classification’ of soils which neglects the presence and 
effect. of the flat-grained con nstituents will be incomplete and erroneous. Tnas- 


: much as a direct determination of the exact quantity of flat grains in a soil ; 


is a practical impossibility, 0 one is at 0 once to the that analysis 


Portis 


The easiest a and most obvious method of analyzing a 


Wiegner+ successfully extended this method to analyze: the 


grained fractions by ‘sedimentation, and attempts” have been made recently, 


with more or less success, to determine the percentage e of colloidal ‘material ii in a 


very fine-grained samples. It is ‘a ‘well-known fact ‘that the 4ndividual 


NOTE. —Written. ‘discussion on this ‘paper will be closed in ‘August, 1928. ide 
Research Associate, Dept. of ‘Civ. Eng.; Mass. Inst. Tech., Cambridge: Mass.” 


Pe: +t G. Wiegner, ‘“‘Ueber eine neue Methode der Schlammanalyse,” Zentralblatt fiir die gesamte 

Landwirtschaft, Bd. I (1920), No;:1. Sée, also, “Erdbaumechanik,” ‘by. Charles Terzaghi 

Am, Soc. C. E., Appendix — TEAS A 
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‘grains which are thin i in proportion to. their diameter. 


COMPRESSIBILITY -MICA MIXTURES Gg 


there is no obvious way of separating them. er Grengg and Kammel,* of Vienna, 


try determine the percentage of flat grains in a fraction by counting 


- them under the microscope, but this procedure was tedious s and inaccurate, and 


brought n no worth while results. So that there are very -y complete ‘methods. for 


_ determining the grain size, but such methods entirely | ignore the ‘existence of 


- * 1919, Charles Terzaghi, M. Am. Soc , proposed the investigation 
foundation problems | by a m method. + He advocated a a study of the 


‘ physical properties of soils from an experimental standpoint, with a view to 


7 ~ accumulating ‘sufficient empirical data of all kinds to permit eventually the 
formulation of a complete | and rational ‘system of soil mechanics. Two years” 


Boe later, he published the results of his first tests on the compressibility of soils 

ore ae at lateral confinement. t - These tests clearly showed the characteristics of the 

al compression and expansion curves, and the enormous difference between the 

7: compressibility of sand and that, of clay. In addition, this paper contains the 
7 


first attempt at mathematical analysis of these curves, an analysis which shows 


; _ that the curves for both materials a are of the same form, the equations differ- 
ing by certain constant factors. In 1925, Professor ‘Terzaghi published a 


“plete” treatise on soil mechanics wherein will be found ¢ an analysis of the 


compressibility, of sands and clays and of the ‘relationship between compressi- 


bility, bearing capacity, and settlement characteristics. 


is “apparent. that this progress toward a more accurate of 


a8 settlement phenomena is of major importance to the engineer interested in 
foundations; for the most essential requirement of a well- designed foundation 


7 * is that it should provide for equal and uniform settlements in all parts of the 
building. The next steps followed in logical sequence. In 1925, Professor 


Terzaghi demonstrated the impracticability of the methods suggested by 


and ‘Kammel, by showing the: extreme difficulty of accurate test- 


| ing and the impossibility of clearly representing all factors which influence 


the behavior of sands. 1 In this connection he mentioned the four most im- 
portant of these factors, namely, § grain size, ‘uniformity, volume of voids, and 


“mica content. — It is interesting | to note that this paper contains the first hint 


ie ek that the mica a content of soils m might have an appreciable effect ‘on thei 


“eand “nally, i in the spring of 1926, ‘Professor Terzaghi suggested to > the writer 


_ Bnspdrieabi of making ‘a series of preliminary studies of the effect of 


Grengg und K. Kammel, “Charakteristik einiger Wiener Bausande nach dusserel 

Kennzeichen,” Zeitschrift des Oesterreichischen Ingenieur- und Architekten-Vereines, 1924, 

ins (ie Erddruckerscheinungen in 6rtlich beanspruchten Schiittungen und die Entstehung 
von ‘Tragkorpern,’ ” Sonderdruck aus der Oesterreichischen Wochenschrift fiir den dffentlichen 
ap t “Die physikalischen Grundlagen des technisch- geologischen Gutachtens,”’ Zeitschrift 

- des Oesterreichischen Ingenieur- und Architekten-Vereines, Heft 36-37, September, 1921. _ 


§“Erdbaumechanik -bodenphysikal her Grundlage,” Franz Deuticke, Leipzig 
“Zur Charakteristik der Bausande,” Zeitschrift des Oesterreichischen 


Architekten-Vereines, Heft 33-34, 1925 
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= being by omission of of certain details without 
original thesis would not be | complete. Even the most superficial examination 


Tal the results will convince the re ader that the shape of the grains, a factor oe 

hitherto: ignored, has an almost unbelievable | ‘influence on the compression 

i characteristics of. a granular material. In fact, by | simply adding ‘mica itis 

; possible to transform : a sand from a dense, almost incompressible m mass into on 
loose mixture f flat and bulky grains which is more compressible than the . 


g It is further possible to obtain a mixture of cohesionless granular mate- 


will reproduce the variations in compressibility and 


“expansion: in all their essential details. The significance of this fact is 
obvious, for it shows that the compressibility of ¢ clay is s not an inherent ‘prop- 


erty of the material, 1 nor is it directly ascribable to the small size of the grains, : 
the presence of water in the voids, or the presence of particles of colloidal size. . 


The compressibility | of fine- grained sediments i is undoubtedly 3 influenced | by all a 

these factors, but in its essence it is ‘a ‘structural phenomenon, and as such i is 


The researches herein de described have been as preliminary, 


this: word must be taken i in its literal ; sense. ‘The: experiments have been | COn- 


fined to mixtures of one definite grain size, aa the effect of the variation a te is 
_ content a alone has been st studied. it is | hoped that further r research will 
done along this Tine, with other variable, in order to ‘accumulate 
sufficient for a thorough understanding compression phenomen: a i 
granular ‘materials. However, the tests already made will prove extremely 
useful as a guide to proper test methods and analysis of results, and la rN 
| furnish a convenient basis for more elaborate, investigations. (G . wabiplls 
The machine used throughout this work was 
hand-operated screw testing machine, reading by 2 Ib. up to 10000 lb. 
a ‘ Sample Container. —Fig. 1 L shows | the e testing apparatus as ese in the a 
‘machine, The material to be tested is enclosed in a steel r ring, , provided 
with a base, D, the two parts being screwed tightly together. The bee carries 
two integral wings, 180° apart, fashioned into split clamps to hold two short oe A 
steel studs, F. Load is applied through a bearing block, B, , fastened to the 
'F - movable head of the testing machine by means } of a long stud screwed into the Bi 


pos at the lower end and provided with a wing nut at 1 the upper end. a 


stud p passes through the hole i in the head of the machine, and the wing nut rests 
on a steel plate, A, large ‘enough to cover the hole. - Between mn the block and a. 6. 


arit 


head of the machine i is inserted a special gauge holder, C, so devised that the 


es gauges will be directly | over the two steel studs projecting upward from 
= base, the movable : spindles of the g gauges resting upon the tops of the studs. “ae 


eae complete record of these researches is contained in a thesis entitled “An BExperi- — 
Mental Investigation of the Compressibility of Sand-Mica Mixtures,” presented by the writer 
to of th Massachusetts Institute of Technology, in 1927. 
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COMPRESSIBILITY OF 8 SAND- MICA MIXTURES 


of their spindles remain stationary, so that the average of dial readings 


the true center of the bearing block with reference 


‘ae Sand —These tests w were conducted exclusively on a wind-worn dune sand, 7 
with smooth | round quartz grains. In a mass it has a light brown, coffee color; 
‘the nearest st standard color i is | called by Ridgway* “cream buff”. ua ‘This sand was 
chosen on account of its ‘cleanliness, hardness, uniformity « of composition, and 
freedom from dust and Impurities. _ ‘The | original quantity of sand was run 


a series of Tyler standard sieves, ina a Ro- machine, a and that frac- 


“tests. be The therefore, had a grain size ranging from 0. 417 to 0.589 


tea mm., , average C 0. 5 mm., and a ate coefficient of lL The specific gravity 
of the sand was found to be 2.66. 1 
oe J ‘Mica. —The experiments made use of a pure white mica, known com- 
ee mercially as Ground White Mica N No. 6. The grains are angular, and quite : 
ie thin; their thickness is of the order of 0.02 mm. The mica was , subjected to Pos 
¥ the same screening process as the sand, and the same fraction (0. 417 to 0.589 


¥ mm.) was used in all the tests. ‘The m mica was found to have a a specific grav- 


vf 14 Preparation of Sample —Mixtures were made by weight, ere of both 
ae being taken to yield enough of the mixture to more than fill the con-— 


tainer. The mixture was loosely ; poured | into the container and heaped up in 
the center in the form of a cone. i; The container ‘was then thoroughly . shaken, 


_ rolled over a layer of coarse sand ona table ‘to produce a large number of = 4 


d was then hammered ; ‘the process was continued until con- 


by this means seemed to reach a limit. Then the sample was made 
exactly flush with the top of the ec container by means" of a -straight- edge, 


the weight of the container plus the sample was determined. All weighings 


were made to the nearest | 0.1 gramme. The container was on the uni- 
versal block in the testing machine, whole mechanism was accurately 


centered, the studs were adjusted to give small positive initial readings” of | 
both dials, and the test was ready to begin. blot 
Testing.—The load was: applied in definitely predetermined in increments. 
These increments were found, by y experimenting with the machine, to preiuce 


no appreciable time lag of compression. First, the weight on the beam of 
the machine was run out to ase desired load, then ae hand- -wheel was oper- 


3 ke. per ‘sq. em. to zeros again to 
“4 000 Ib., , somewhat greater than 10 kg. per sq. cm.; ; decreased to Zero; and, 
finally, increased once ‘more ‘to 4500 lb. to give a complete hysteresis loop for 
the final rebound. Each test occupied 1 to 2 hours from the time the sample __ 


os placed in the machine until it was removed. The data imm aaistols rai 
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MIXTURES 


able the end of the test were as by weight of con- 
stituents: of mixture; net weight of sample; varying increments of load, in 


pounds; and dial readings, i in of inches, to each 


we 


eters 


DUNE SAND AND WHITE MICA 
LATERALLY CONFINED 


Grain Size - 0.417-0.589 mam. 


-Volumein Cubic Centim 


a 


A 


(Pure Mica) 


(24 680246802468 024 680246. 24680. 


ye _ The information derived from each test was plotted as a curve of variation — 
in 1 voids ratio with pressure for the particular sample tested, and these curves 
are included in detail in the original thesis. As the tapealeenalibibven values of | 
compressibility are especially stressed in this paper, it has been deemed advisa-— 


ble to substitute for the detail diagrams an assembly drawing which will illus: 
trate the important points ina more direct manner. “Pig. 2 shows a set —_ 


for | materials | at laters very char- 
acter, irrespective of the character of the material; second, that the voids: 


ratio of uncompressed granular 1 masses increases with i increasing percentage | 
» of flat grains; and, third, that the compressibility of — masses increases 
-* The truth of the first statément is not immediately | apparent from Fig. 2. 
individual however, wer were originally plotted to different scales of 
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* 
voids ri ratios to of the samy samples. ~All these curves 
“are so alike i in el character, and, i in addition, resemble so closely those of clays* 

that if a person were to be handed | a diagram of this kind with only the scale 

of pressure marked thereon, he would be quite unable to decide whether it . 
referred to af fat clay, a | compact sand, ora 40% sand- -mica ‘mixture. 


1 on Kilogram per 1 Kilogram per 
Square cm Square Centimeter | | Square Centimeter 


Volumein Cubic Centimeters 


“Under Compression of 1 Kilogram per square Centimeter 


-3.—VoLUME OccurIED BY STANDARD Quaniry OF SAND- 


5 The second and third statements are in Fig. The 
vec’ same effect is shown from a slightly | different point of view in Fig. 3. _ The 


fo figures on n the horizontal lines indicate the level of the ‘upper surface of the 
simple as read from the graduate, in cubic centimeters, before and after r the 


pressure was applied. a The variation in initial voids ratio and i in ee 
wy bility | are thus brought | into striking prominence. . It must be borne i in mind, — 


ca however, that this diagram is for illustrative purposes only. y. Ther results of the 
simple pressure operations shown therein are not to be compared quantita-— 
tively with those of the original tests, because e the height of the sample i in the 


graduate i is so great in ‘proportion: to its diameter that a considerable portion “ 


of the superimposed load is transmitted to the glass by friction; the pres- 


‘sure acting on the bottom of the sample is, is, , therefore, very much less than 1 kg. 


“per sq. and the co compression of the material is altered in ‘consequence. 
th attempting a mathematical analysis of the of the tests, it was 


would e express : as abies as possible the elastic the mixture. 
a _ Simplest and most useful was thought to be the ‘ ‘coefficient of elastic a 
(“Schwellbeiwert” *), as defined by Professor ‘Terzaghi.t In his original 


ments he found ‘that the modulus of elasticity was approximately Proportional 
7 o the pressure, a and that the constant of ‘proportionality varied for different 


RGA This constant was determined for the sand- -mica mixtures, with the 
 * See Fig. 2, one: Selbiamataete, ” by Charles Terzaghi, M. Am. Soc, C. E 
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IN THE FORMULA, p. 


most of the natural granular with which the « engineer r has 
g 


deal will somewhere in this region. 


te reviewin the results furnished by these tests and in ‘correlating them 


with the » science of soil mechanics as a whole, it will be advisable ‘to proceed 7 
under three sub- divisions: ‘Fi irst, an endeavor will be made to illustrate the ” 


of tests of this ck ‘character second, the most important conclusions 


to be derived from the present tests will be - mentioned ; and, finally, the effect . 


these ‘eonclusions may have on the general aspect of foundation science 
on future methods of investigation and classification of soils, will be examined. : 
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wed M ethods of In I nvestigation. -—The Engineering Profession has long recognized a 
the lack of a rational theory of soil behavior, and has attempted | in various 


ways to develop such a theory. Most of the investigations, however, have 


started wih the separation of the soils into their basic constituents, in an 


endeavor to obtain an idea of the behavior of the mass from a knowledge of — 

the physical and chemical characteristics of the component parts. This 3 pro- 

b. cedure does seem a rather obvious one to follow, , but there is no analogous: 

ie method in the investigation of other materials. Steel, for example, has been _ 

‘ tested so extensively that it is now reasonably sure that a given specimen 2 will « 

stand a certain unit stress in tension. The chemist and the metallographer are gj 

‘engaged : in finding ‘out why this is so, but the structural engineer has s never = 

directly interested in the > “why”. ‘He is content to know “how much”. 
adit Similarly, ‘electrical | engineers are e accustomed to o using copper as a ‘con- 
‘ductor and glass as an insulator, and know within reasonable limits what is — 
to be expected from each material, but they did not arrive at this knowiedge 
by studying the molecular of copper and glass; they merely experi- 
‘mented with the materials until they knew how they behaved, without directly 


questioning why. Now there is no reason why this: experimental method of 
investigation should not be applied to soils. It would be very useful, of course, 
to understand thoroughly the basic causes of soil behavior; but it is more 7 
logical, and of much more immediate interest to the engineer, to determine first, Ma 4 
that behavior is. The whole point is that. the experimental method 
studying the physical characteristics of soils (compressibility, permeability, 
_ elasticity, etc.) should be generally adopted not only because it yields results _ 
- which are of immediate value | to the engineer, but also because it is the ‘method _ 
which has been successfully followed in the study of all other materials of | ? 
The of Soils.—First and foremost, the designer is ‘inter- 
at in the settlement of his building. He wants to know how much.-the total © 
a ultimate settlement will be, how long a time will elapse before this final point 
_*% ‘reached, and at what rate the settlement will proceed. Now, the settlement 
- a load imposed on a soil can be due only to two factors: () 3 a lateral flow of aa 
— immediately beneath the foundation toward points of lower pres- . 2 
sure; and (2) a a change i in volume of the . underlying soil mass. The motion due . 
to lateral flow can be arrested by surrounding the stressed area with deep sheet- _ 
Volume change, however, is. a function of the of the 


he has a series of ] pressure- and -compression can 
proceed intelligently with his design and feel sure that his results are reason-_ 
u ably near the truth. As an illustration, take samples from two deposits cor- 


pS * -Tesponding to the mixtures used in these tests, the deposits being alike in every = 
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ATY OF ‘SAND- MICA Ou 
_ investigator would probably notice that) the e second sample included more mica — 
a than the first, but could not say with any degree of certainty how much either 


ign, 


contained. 1 The > chemical properties of the individual grains in the two sam-— _ fro 
are the s same, and the ‘mechanical analysis curves are identical. ‘the (1) 


‘ing would ‘settle at least four times as much as the first. ‘single pressure: 
‘compression diagram for each sample would have shown at once that the mate- 
rials were totally different in compressibility, and would have warned the ; 
designer that he could not apply the same calculations to both buildings. TS 
Ps at Latera L Confinement. —In order that any given method of testing 


7 es the characteristic properties of a material may be of value, it must fulfill two 


requirements : . First, it ‘must yield results which are e directly applicable to the ; 


4 rs problem in hand; and, second, it must be simple, accurate, and economical in 
operation In the study | of the compressibility of soils, both these require- 


are met by compression tests on samples: which are prevented from 
jo the first place, the loaded soil | beneath a a foundation, to all intents and 

te 4 purposes, is laterally confined ; - confinement is produced by | the weight of eo 7 
surrounding ‘material, and, when necessary, by an enclosing wall of sheet- 
4 piling. A glance at tl the diagram of a typical | loading test will suffice to  illus- a 


trate this condition . The portion of the ¢ curve nearest the origin ae 


upward, and this form of curve is typical for laterally confined materials. It 


is true that the loading test curve reaches a point | of inflection and bends down- ; 


wi 
ward as. load is increased, but this part of the curve does not directly affect j : 


ordinary foundation practice, as the superimposed load should always be kept 
— well within the upper region of the diagram in order to avoid the excessive 
settlements which correspond to the higher loads. A loaded ‘natural 
Bea is not, of course, as thoroughly confined as a laboratory sample. } However, the 

. joints of a steel bridge are certainly not frictionless. i Bridges are designed _ 


under the assumption of frictionless joints, and it is found that the « error is of © 


comparatively ‘small magnitude. Similarly, the results of a lateral 
ment test can be applied to the ania of a foundation with the assurance that it 
the calculations are reasonably « close to actual conditions. gitaiin » (2) fre 
as to the second requirement, lateral confinement tests can now be made — 
easily and accurately. The equipment and procedure described herein 
furnish excellent results on n granular materials v where the time effect is neg- 
ligible, and the apparatus developed by Professor Terzaghi, and now in use at 
the Massachusetts Institute of Technology, furnishes complete data on the 
yariation, both with Pressure and with time, of the voids ratio of 


ie Another important advantage of lateral ‘confinement tests is ‘that they are 


, apt licable to all types c of soils, irrespective of cohesion. Determination of the 


& 


compressive strength of clay cubes” gives certain valuable information, | but 
ia one cannot test the strength of a cube of cohesionless sand, because such a cube Pitas ‘pr 


be made. the lateral confinement method, test can 


— 

Pay 

i 
qd 
— 
— 
ter 
ani 
a 
ma 
* sh¢ 
str 
fre 
rat 
arc 
4 
rs 
bil 
the 
dik 
3 
| 

| 
1 

| 


COMPRESSIBILITY OF SAND- MICA MIXTURES 

ae Conclusions from Present Tests.— The outstanding windeaies to be drawn > 
¢ directly from the tests on sand-mica mixtures» described herein are obvious 


from a study of the perro and need only to be enumerated. | ‘They are: 
~@) Other things being equal, the initial voids ratio of uncompressed ‘granular 


ae A masses increases with increasing mica content; ; and | (2), other things being 


= equal, the ‘greater the proportion | of flat grains ina granular mass, the greater 
a is the compressibility of the mass. It: must be distinctly ‘understood that the 


+ term, “eompressibility,” refers to both positive and negative compression; that | 
is, that the elastic expansion of the mass also increases with increasing - mica 


‘content. These two basic results postulate other conclusions as to structure, 
analysis, and classification of soils in general. iy y 
Structure of Granular Masses.—In 1899, Professor Slichter* attempted a 


mathemati analysis of the permeability of soils, and in connection therewith 
e _ showed that the volume of voids of a mass of equal spheres could range within \ 4 &g 
the limits of 47.6 and 26%, depending on the density of the mass. Ordinary * 
sand i is ‘not an accumulation of equal spheres, but it does not vary a great deal — 4 


from this theoretical condition, the limits of of voids of 
q 


ae ‘When it was noticed that fine clays were in perfect equilibrium with a 


: ratios as high as : 8, ‘and that the voids ratio of colloidal precipitates could range 
around 20 and still preserve equilibrium, it became evident that some factor 
(ie which was negligible i in coarse- “grained material assumed a prominent réle i int 


fine- grained sediments. ‘This factor is the zero friction true cohesion, and 
a a knowledge of the mechanics of zero friction serves to explain fully the p ‘possi- mt 


‘There: is now conclusive evidence that another factor will seriously affect — 


the volume of voids of an accumulation of grains, namely, the presence of scale- de 


— 


like particles. The mica tests show that voids ratios as high as are con- a 
rE Ww hich the zero friction is quite negligible. In other words, it is. necessary a: aa | 
Ae _ modify present ideas of structure, and to take into account the fact that not — 4 
_. interested in the “how” of the behavior of structural materials, rather ’ 


a sistent with equilibrium i in masses consisting of coarse- grained constituents, ae 
only the size of the grains, but also their shape, will materially alter the 
nitudes: of the limiting voids ratios which are consistent with the equilibrium 
dass 
Mechanics: of Compressibility— has been stated the engineer is 
- than i in the “why”. The experimenter, however, who is attempting to formu- a 


late a basic theory of behavior, will save himself a great. deal of unhecessary 


work if he has an idea of the causes underlying the characteristics he is inves- 
It will b be therefore, to visualize the 


Annual Report of U. 8S. Geological Survey, 1899, p. 311. 


by Charles Terzaghi, M. Am. Soc. C. E., pp. 64- 
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It is a well-known fact that the fine-grained clays are much more com- 
e A pressible, and expand to a greater degree after compression, than the coarse: ae 
. wee grained sands. ‘The effect of zero friction cannot be used to explain this action ann 


COMPRESSIBILITY 0 OF SAND- “MICA MIXTURES 

_ because friction is a non-conservative force. To express it “more simply, 
7 assume a structure with a large volume voids caused by true cohesion 
between individual grains. It is “easy to imagine these intermolecular 
being broken by external pressure so that the grains can slip farther down in 
mass, giving the effect o of a highly compressible material. However, 
is difficult to conceive of the g grains climbing up again ¢ on their neighbors after 
_ Hypotheses have also been advanced which ascribe the characteristic prop- 


of clays to the ‘presence o of a 2 “clay-humus complex’ or to the 


= material present in the clay,* but an explanation of this type should be accepted i. 


* only. after all other possibilities have been exhausted. After all colloidal par- 
ticles are merely, particles of small size, and there should. be nothing essen- 


ce 


the’ compression characteristics of a “colloidal ‘material in a mass which con- 


absolutely no trace of colloids, it is rather unwarranted to ascribe the 


. <a compressibility of the fine-grained sample to the presence of colloidal particles. 7 
akg ‘This reproduction has actually been accomplished with the - sand- mica mix- 
tures. ‘The scale-like g grains, acting as tiny beams and columns, 8, are capable | of 

undergoing considerable elastic deformation without appreciable volume 

change, with the result that the entire mass becomes more and more com- 
pressible as the number of these flat grains is increased. It is necessary, there- e- 

Ra fore, to accord the flat grains a place of major consideration in ideas of soil 


¢ behavior, and to realize that they are chiefly responsible for the high com- 
= 


pressibility common to fine. silts, quicksands, and clays. al wor 


Analysis of Soils——The preceding considerations justify the statement that 
Bp system of analysis of soils which neglects the presence of flat grains in the 


mass can yield” no réliable indication of the properties | of the material. 
present, there is no known method of. determining the } mica ¢ content of a soil i 
sample. By the use of a microscope one can see the mica grains ina quicksand, 
but as to how many there are, and what proportion their weight bears to the 
= of senor total mass, one cannot even hazard a guess. It is known that s 
mica grains ‘constitute an an extremely important factor. In the region of 


tance e simply there i is no way of taking it into account. ithe 


-.. As mica content cannot be determined directly, one must use indirect ‘ 


methods; and as engineers are not primarily interested i in the value of the mica 


at  eontent itself, but rather in its effect on the compressibility - of the material, 4 
‘ ne the logical thing to do is to test the compressibility directly. This comes back 


ceoy ae the argument advanced i in the first ‘part of this paper, and shows | once more 
cs why , real and lasting g results can be « expected only by trying to build u up a theory 
_ ofthe behavior of soils on the basis of a thorough experimental eee 


ra 


of: their physical characteristics, 


° See the Progress Report of the Special Committee to Codify Present Practice on the 


fearing Value of Soils for Foundations, etc., Proceedings, Am, Soc. C. E., May, 1925, Papers — ; 
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“te Mlassificntion: of Soils—As a direct sequence to the foregoing discussion — 
it may be stated that any system of soil classification which neglects the pres-. 
ence | tnd the offers of seale-like particles in the ‘soil i is incomplete at and erro- 

neous. Inasmuch as the exact quantity « of mica in a soil sample ca cannot be a 

be determined, there is no justification for classifying soils on the basis of the. 
me grain size of the constituents, nor in reference to their content of particles — 


Engineers are accustomed to “distinguish between ‘steels by noting their 
= ‘relative tensile and ¢ compressive strengths, and: not by referring to their nena 


“characteristics of ‘soils by referring to the of ‘the 
Hote 


under stress. be On account ¢ of the complexity of the problems of soil mechanics, — 
formulation of a ‘complete system of this kind will be possible only after 
_ many years of research ; but they should always keep the ultimate end i in view, 


and plan it investigations in ‘such a manner as to proceed logically toward L 


a In oy meantime, they may use ¢ certain devices which will enable them ae 
x An interesting exam-— 


with. those of mica ‘mixtures, as s shown i in Fig. 4. The 


curves: in the lower part are pressure-compression diagrams for various nat- i: 7 
soil | samples. Above diagram i is shown in dotted lines. the diagram be 
of the sand-mica mixture which corresponds most closely to that of the natural ae 
~The striking resemblance between the soil. ‘curves and 
Speen indicates that a comparative | classification of compressibility is not at — 
‘all unreasonable. If every soil investigator had a complete set of standard 
-sand-mica curves, including not only those resulting from the present. ‘tests 
e (0, 1, 5, 10, 20, 40, and 100% mica), but also those for intermediate mica con- ee 
; tents, the compression ‘diagram for any clay could be completely described by an fa 
mentioning one voids ratio and referring to one of the standard curves. As a ia 
‘ matter of fact, the Bureau of Public Roads of the United States Department of ee 
_ Agriculture, | in co- >-operation with the Massachusetts Institute of Technology, i is 


n + engaged i in the development of a system of soil classification | on the basis - ih 


comparative system of this type. Toe to 
The o only essential difference between the clay curve and the 
- sand- -mica diagram is at the extreme left end of the rebound curve, where the — 


spo -grained material is seen to expand more than ‘the clay. This fact i ‘is a: 
_ immediately explainable « on ‘the basis of intermolecular action, which has no oF 


effect on the sand or mica grains, but produces a true cohesion between: the 
fine clay g grains, preventing the mass from expanding to the limit of its elas- 


Supplementary -Remarks.—In connection with further research on com- 
Tenmncyndn it will be extremely desirable to develop a more accurate mathe- - 
a matical analysis | of compression curves in 1 general. ae it is true that rn 
is is Justified only when accompanied by suggestions for improvement, this para- 


e graph should be entirely omitted ; for the writer, , after many vain attempts to 
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_ formulate m more exact equations, was forced to return to Terzaghi’s sali 


- During these attempts, , however, curves of moduli of elasticity w were plotted 

against pressure. 5 These curves showed that for the more compressible mate- 

rials there is a very considerable discrepancy between Terzaghi’s s simple loga- 

a rithmic curve and the actual e expansion curve. ‘Terzaghi attempts to account . 
a for the discrepancy by referring to successive accumulations and releases of — 

unbalanced frictional stresses, but there are certain outstanding features, such 
as the extremely high value of the modulus of elasticity at the beginning of 


- the > rebound curve, , which are so uniformly characteristic for all types of soils 


that they must eventually yield to analysis from a quantitative standpoint. 


The ideal condition would be to express completely the compression character- 


- isties of a material by one, or, at most, by two or ‘three, numerical constants ; 
a 


and the successful formulation of | an exact mathematical analysis ¢ of “compres- 


sion curves would unquestionably be an important step toward a thorough : 


AND CoNCLUSIONS | aun 


= compressibility of mixtures of dune sand and white ‘mica (grain s size, 0.417 to 
0.589 mm.), at lateral confinement. The test data furnished curves of nem 
ratio. against intensity of pressure for each of the samples of varying ica 


E This paper presents an outline of a series of f preliminary tests wide on es 


_ From these curves the following specific conclusions 1 may be drawn: 


all “Other things being equal, the initial voids ratio of compacted, uncom- 
ule 


granular masses increases with increasing mica content. 


—Other things being equal, the greater the proportion of f flat grains in 


s the compressibility of the mass, and the more 
is ike expansion after removal of load. 


‘These fe facts indicate the following general conclusions: 


3.—The content of flat grains in a soil has a marked effect on the magni- — 


tude of the limiting voids ratios consistent with equilibrium. 
wet: 4— -The compressibility of typical fine-grained sediments ‘is not ascribable 
i the s small size of the grains nor to the presence of colloidal particles. bes. _ 

page 5.—Any system 2m of soil analysis which fails to determine the percentage of 
grains in a sample can yield no uniformly valid results. 

6 of soil classification which neglects th the and the 


1—The study of foundation problems by ‘of the physics 
mechanics of soils is the only method which may be expected to yield results 


of present ‘utility and of ultimate value to the Engineering Profession. Bes 
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F THE LAKE AT AUSTIN, 7 TEXAS © 


i 


old Austin was 60 ft. above the apron the down- 
face, whereas» the overflow crest of the new dam is 9 ft. lower, or 51 ft 
The water firet over the « crest of the old dam in May, 1893, and 
3 acre-ft. of water in the a 

lake, rising to the I level the crest of the ‘old dam. February, 1900, there 
were: 41 528 810 cu. yd, or 25 741 acre- ft. . Thus, the water capacity the 
lake of February, 1900, was only 52% of the capacity, of that of May, 1893. = 

If these volumes are estimated in depths on a square- “mile base, the result is, e, ee): 
1893, a volume of water equal t to a depth of 78. 6 ft. and, in 1900, toa 
— depth of 40.2 ft. of water and 38.4 ft. of silt. _ This was the result from a 
1893, to January, 1900, a period of 6.75 years. 
. Table 1 shows the r maximum and mean 1 depths of water for 1893 and: 1900; 
the maximum and mean depths of silt for 1900; and the percentage: of silting ty 


The maximum depth of silt, is not equal: to the of th 
maximum depths of water for 1893 and 1900 because the | silt has shifted at ce 
- several points. | This was very noticeable at Station 12.525, known as Santa nS 

or Sulphur Springs. The column of percentages is the > ratio that 
of 1900 (of. silt) bore to the ‘original cross-section of water. 


a 


Thus, at Santa Monica Springs (Station 12. 525), 78.9 9% of the original 

Between Stations 0 ‘and 17 15, the silt in 1900 was s a fine, 
+ absolutely gritless deposit. Fr om Station 17.75 to ‘the head of the lake, there 


meg a distance of ay 3 miles where the silt consisted largely of sand. 


‘J 
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— 
, [In 1890, cross-sections of the old lake formed by the Austin Dam were (\— 
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River several miles a 


heavily charged with sand. When these ‘flood waters the relatively 


still waters of the lake and the velocity i is checked, this heavy sand i is deposited. 


At occasiona points below the head. of the lake, small bars of sand were 
a feel near the mouths of small canyons or creeks. ae ‘The cross-sections of the 


old lake are shown in Fig. 2. The vertical me is ten times the horizontal. 


_. From March 15 to April 17, 1899, the water level of the lake was a little 
— than 1 10 ft. below the crest of the dam. — ‘The water again commenced 


to overflow on April 21, 1899, when the 1 river rose toa height of 9.8 ft. abov. 
e crest. This flow continued June and its result on 
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andy valleys and enters the Colorado 
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one- half its former width. 


Santa ay “T_T 
wes 


. of the Conchos, the tin Saba, the Llano, and Pecan Bayou, as well as those of a 
‘the Pedernales. ‘All the country ry drained by t these tributaries is hilly, with the 


of a few along the head of the ‘Colorado and the Conchos 


The contract for the present Austin Dam was let in n 1911, and the dam 
partly completed by the summer of 1913. In September of the | 

_year, the | lake was filled with th water up to the present spillway, which is 51 ft. © 
oF: above the toe of the old dam. This datum was the one usually adopted. The >, 

.% dam has not yet been accepted by the City of Austin on account of litigation. — 
‘In 1918, Mr. Guy A. Collett, the Receiver, with the consent of the Federal 


authorities, sold the water: in ‘the lake e to the 1 rice growers in the lower 


counties, for of irrigating the thousands of 


— 
Bae m j+|§ 13.425, 14.725, 16.225, and 17.725 were scoured out from 2 to 3 ft. deeper than — a 
a ae % the sections of 1897, and, at Station 14.725, a sand-bar was deposited on the be 
“ae 4 e river, which contracted the channel to less sae 
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AREA, IN SQUARE FEET. 


VoLuME oF WATER, IN ACRE- 
‘Fret, Betow Crest oF Dam. 


Station. 


18,525 i 17200 | 8 680 
got 
: a view from the west bluffs looking east. The house on the left w was a boat-_ 
i house under which launches, large enough for twenty people, could” pass, 


but by 1924 the silt had reduced the depth” to such an extent that small 


‘canoes could not navigate under the house. This boat-house has been torn 


‘down because. of the fact that it was left high and dry, the silt having forced — 

the » water farther toward the main channel to the west. Fig. 4 is a view 

looking w west from. the top of the new ‘dam To 


TABLE 3.—Survey OF AT Austin, TExas, r, 1996. 


Distance of 
station from 
Ss dam, in miles. 


Water AREAS, IN SQUARE FEET, | VoLuME, IN ACRE- FEET, BELOW 
BeLtow Crest oF Dam. Crest or Dam. © 


0.221 11-100 
2970 | 1890 
799 8600 | 1 900 250 
‘Total volume, in| 
acre- feet 
the | latter of the summers of £1092, 19 1924, ‘and 1926, the writer 
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OF LAKE AT AUSTIN, TEXAS 


by the cross-section in Fig. 2(b). = 


% The silting of reservoirs for purposes of comparison reduced to 
rt xa heights or depths on a ‘square-mile base. To derive an expression for the 


= of silt deposited i ina given time, let x = the depth, in feet, of ‘silt 


oe deposited by each foot in height | per year; and h = the original depth of 
in the reservoir. The of at the end of i, 2, 8, and n 


At the end of depth of water =h 
At the end of 2 years, depth of water 


At the e end « of 3 ‘years, depth of water 5 h (l—~z 
At the end of years, depth: of water = h 


Hence, if = the water at ‘the end of fn years, bye 


This will not be true for any reservoir in which there is an appreciable 
cu ileal acting on the bottom of the basin, | that is, on the upper surface of the 
i it. In the old at Austin, the lake level could | sink 10 ft. below 


bottom: of thé forebay was 12 ft. below ‘the crest of the old dam. 


‘The measurements on the n new lake were carried 1 no farther up the lake, 


Be - for the reason that. the next station above Santa Monica w was ‘filled entirely: 
: ow with sand. In fact, sand was encountered about 4 mile below Santa Monica; 


1918, = 82.029 acre-ft, 


1926 =. T acre- ft. 


reduced to ‘the depths, in feet, , on a square-mile base, the vol- 


Ratio of water ms = ume a a 0.0461 = = 4, 614 


iy Thu: , in the thirteen years the Austin Lake has filled 95. 39% of “ volume 


n 1913. ” The water has now (1926) 4.61% of the volume it had in ——_- 


Equation 0.05, and the depth of water = 2.31. 


“Yo 


or at a point 12 miles. from - the dam. Table 3 includes only the fin fine _gritless 
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SILTING OF LAKE AT “AUSTIN, TEXAS 
? That i is , on an _— base, an average of 20% of silt was deposited each year. = 
Fig. “5 illustrates the relative quantity of silt and water i in September, = < 


The Colorado River of Texas, with its tributaries, traverses nearly 2 
_ miles of wooded territory, and every rise brings | its sinuous ribbon of drift, 
_ which ranges in width from 40 to 200 ft. When the first drift strikes the 
_ or buttress walls of the Austin Dam, it spreads | out over the entire: 
— width of the lake, and banks up behind, until the complete si surface of that: 
part near the dam i is covered with drift: from shore to shore, At times , 
covers an area more than } mile wide and 3 mile long. Aa a rt 


Lil 


3 


| straight ‘up ie river. . This drift so sometimes ¢ covers an area al 80 acres, and 
_ the velocity of the water in the lake gradually compacts the drift toward the 


aoe the water recedes and the lake level sinks, the part 0 of the drift between i 


‘man and the power-house rests on on the alluvial soil beneath—the 

being that the silt near the dam is in reality mud reinforced wit with sticks, © 
In the background is noticed a strip of driftless water. This water sin 
Bee Creek, above which the si silt i is | almost. free from drift, because ‘the velocity — 
of the water in the lake ‘the are a section between 


the creek and the e da 
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‘HE EYE- CABLE SUSPENSION | BRIDGE AT 


Asti ty 
“Discussion? 
oss, M. Am. Soo. E 


ole, Hanoy M. CO. E. (by letter).t—That this paper 


a valuable contribution to the art of bridge design and construction is at once ~ 


recognized. The writer’s are restricted to me of 


The authors indionte doubt as to the of of applying to 
bridges criteria for stiffness borrowed | from other types of bridge construc- = 


tion. In this they are probably correct. The question - is of importance in in 


“considering the economics of continucus and other structures. Live load 


deflection i is | often only the obvious : and measurable phenomenon which 2 accom- oP 


deflection of bridges may be because: 


rected b amb 


| oe ‘ This is a definite limit on deflection; so far as the writer knows, 


(1) It wears out the structure. 
may be psychologically objectionable, 1 


| 
| 
| — 
| 
1 
te 
q 
Vibration accompanies deflection, and vibration 1s a = 
qd D 1s to De voided = 
& continued from December, 1927, Proceedings, 
Prof. of Structural Eng., Univ. of Illinois, Urbana, Ill. 
Received by the Secretary December 5, 1927. 


foreed: conerete, may also produce what is usually called fatigue. 


sible in the present state of the structural art. Structural “mechanics | com- 
monly i ignores entirely those phenomena which occur while parts. of the struc-_ 


ture are in motion | and restricts itself to conditions existing when the 


‘structure hes come to rest. Vaguely, designers treat the effects of deflection | 


the application | of an “impact” coefficient. A at 


«It is probably true that a large ‘Biedion i is an indication of high “impact” 


effects; but that it is a ‘satisfactory measure, or that the durability or the 
freedom from shock is a function chiefly | of deflection, independent of the 
_ type of structure, there seems to be no evidence atall, as 
i 
Bic As regards the objectionable psychological effect of vibration, it is probable 
that deflection is 1 no fair measure at all. _ Objectionable movement probably 
means high acceleration ; passengers ee prt al are not conscious of uniform 
an ‘It is possible to establish certain relations between the acceleration pro- 
a. duced at any point by a unit load at any other point and the velocity of the § 
load, but this does not help the problem very } much 
cases. 
on “deflection borrowed from practice the design n of simple R. 
spans affect the ec economy y of ‘continuous girders and trusses adversely. There 
all ter 
any information as to who first established the existing rules i in this rege, As dee 
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STATE RECLAMATION IN WASHIN GTON 
RE. Tirrany, M. ‘Am. Soo. E. to 
K. “‘Trrany,t M. Am. Soc. C. E. (by letter).—The ‘discussion of State 
reclamation following the - writer’ s paper has been interesting, although it has 
‘all tended more or less toward the conclusion that ‘State reclamation, as such, 


“is decidedly a questionable | undertaking for the present time. Luper’ 
suggestion} that the aid reclamation by issuan ace of State 


situation 1 becomes such that the State, in order to secure develop 
. The writer did not criticize the Wash-— 


Swendsen{ questions the > advisability of reclatining any “unoccupied 
areas until existing projects are settled, and Mr. Stevens credits the writer 4 
with a like opinion. The writer agrees with» Mr. Stevens rather than with 


Mw. Swendsen on this point to this extent, that he believes there are certain psy’ 


localities and certain conditions under which new, or extensions of existing 


projects, should be made, even at the present time. - ‘Washington, i in the opinion os 
of Professor Waller,** * presents, or will in the future present, such opportunities - a 


for profitable development ow owing to the , relatively ‘small area of irrigated lend al ay 
in the ‘State and to the rapid growth (past and prospective) of her indestey 


Discussion on the paper by R. K. ‘Tiffany, M. Am. Soc. Cc. E., inued from ‘September, 


Superv. of Hydraulics, State Dept. of Conservation and Development, 
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The points brought out ‘Messrs. acobs id Noval have | to lo o largely 
with the broader National aspects 3 of reclamation, rather than the question 
of State e reclamation. With ‘Mr. Jacobs the writer will agree to the extent 


_ that ‘State re reclamation should not be condemned and abandoned by reason of 


the e errors and losses that have occurred i in Washington.* * The experience in 

these first efforts at State reclamation may be useful to Washington and to 
aa other States when the time comes that ‘there i is need for the States to to take up 
actively the ‘problem of increasing their agricultural production. 
As to the National reclamation policy, Mr. Newell from his broad experi- 

ence points out many “errors in the past and need for a more sound and con- 

servative policy in future development. ‘In the writer’s ‘opinion there i is 

- etill much to be said in ‘support of the doctrine that the Federal Government 

_ should continue to aid in development of the Arid West. ane J 


* Proceedings, Am. Soc. Cc. E., August, 1927, Papers and Discussions, 
1927, Papers: and Discussions, 
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0. L. WALLER AND H.E. Am. Soo. C. 


Considerable study has been made different ‘investigators on the w ear of 


automobile: tires due to ‘different types” of roads. It “was: the writers’ aim to 


_ bring this material together, and to discuss some f features of it, but. there was 


no thought of laying down working rules. The writers were not : unfair in ; 
their use of data, but simply presented - the data gathered by others and drew — 
general conclusions therefrom that are believed to be valid although neces- 


eas The writers had little to do with the selection of any of the pavements 
that were tested, but believe that at least the tests made by the State College 


of Washington w were run over pavements fairly representative of - the several — 
road surfaces. The lack of sufficient money to make a more extended series 

of tests does not discredit those that were made. ‘The fact that some types of 

"pavements were not tested at all, is not unfair to those types, nor is it unfair . 
to fail to find a perfect bitulithic pavement. In the Pacific Northwest it is ei 

= difficult, to find any considerable length of asphaltic pavement in good 


“condition ‘since ve very little has been constructed on State | highways in recent 
years. The writers are are glad 1 to nove ‘Mr. _Carmichael’s statement] that ‘the bie 


“hitulithie pavement tested was in ‘condition and they believe the index 


a number for : average bitulithic, given in Table 3,** 
index number i is very favorable to the reverse, as s Mr. 


‘michael seems to have found 


a. 


cont on the paper by O. L. Waller and H. E. Members, 
q inued from November, 1927, Proceedings. 


Vice-Pres., State Coll. of Washington and Head, Dept. of civ. 
§ Prof., Highway Eng., State Coll. of Washington, Wash. pte ee 
Received by the Secretary, December 21, 1927. 
Am. Boe. C, E., November, 1927, ‘Papers 
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884 wa WALLER AND PHELPS ON RELATI OF ROAD TYPE TO TIRE WEAR orem, 
ac, The ideal conditions under which tire wear tests should be | porwr ye were “4 
= ‘pointed out by the writers,* and these conditions are substantially re-stated d by 

%. Mr. Carmichael st but without any suggestion as to how or where the ideal c: can 
be found. it would be interesting to know of two parallel or 
adjoining roads under practically the same climatic, grade, and age conditions, 

: one paved with concrete te and one with bitulithic, and both surfaces” 4 


ee 7 perfect and at least five years old. = The State of ‘Washington has used concrete 
_ exclusively for pavement for for “more than eight ‘years and there are no ideal 


bituminous” pavements in. the State highway system, nor is there any long 
stretch of ideal macadam or broken rock surface road. 


; ae Of course, a test in which the tires are run to destruction i is better than a 


_ short- -time ‘test . The experiment should be extensive enough | to eliminate the : 
of variations in the quality of ‘individual tires. An average the 


extreme variations i n the condition of each type of road surface should be 
© _ determined i in such a way that the resulting index number would accurately 


alla the tire-wearing quality of that surface and the resistance of any pa 
="f ticular type of tires manufactured. | Such a test would b be very expensive. - 
is a bdieved that the data already secured have been thoroughly studied by car care- 
ful investigators and that the results secured are reliable. 


Proceedings, Am. Soc. C. E., August, 1927, and Discussions, p. 1202. 

Loc, cit., November, 1 1927, Papers and Discussions, p. 2365. = | 
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THE LAKE WASHINGTON SHIP CAN AL, W ASHIN 


Byw.J. AND A. W. Sargent, Mempers, Am. Soc. C. E.+ 


The a authors ¢ are ‘appreciative of given comments 


-Hussey{ thinks that more direct and positive provision should shave’ 


made for the. relief of possible hydrostatic pressure under the lock floor, 
e and suggests the use of valves or a system of drains. Both these methods have 

. been used in some instances, but have not always been found entirely satis- a x [ 
factory. "present practice, where the floors are not. designed to resist 

: full upward p pressure, ‘appears ‘to be to use a paving of concrete blocks w with 
& _weep-holes. — In the Seattle Lock, having i in mind the more or less impervious 
character of the foundation, the cut-off walls - provided, and the clay back- fill 
which wa was carried toa depth of 20 to 30 ft. over the steps « on the back of the ip 


4 


lock floor w was unlikely to develop piety ‘the results have 

apparently justified their. conclusion. It 1 may be added failure 

in the future, repairs would not be dificult, and sufficient provision 


; against subsequent trouble could probably be made by drilling | a system « of 


‘The suggestion that flow of fresh water ‘conducted along the imbers 


the guard- gate and miter- sill would have p protected them marine 

flovens is of much interest. It is possible that such a | procedure might be a, 
4 effective in | keeping the stedl gates free f from barnacles 1 which ere to and ps 
destroy the paint, necessitating extensive cleaning and repainting every year. 
a Approval has recently been secured to deepen and widen the present salt- 


water basin and to lower the intake of the salt- water. drains 7 and this 


work will soon be undertaken. 2 ‘It is believed that this will soterially: reduce 
quantity of salt water passing into the lakes. The latest salinity 


times, due probably ‘cool | ‘summer with: ‘smaller 
"evaporation, thus allowing more water to be wasted through the locks. _ sie 


& ise Discussion on the paper by w. J. Barden and A. W. Sargent, Members, Am. § Soc. C. E., 
Continued from January, 1928, Proceedings. it tay ub 
Authors’ closure. 0 
« $Col., Corps of Engrs., U. S. A., New York, N. Y._ 
aes. § Civ. Engr., U. §. Engr. Office, Govt. Locks, Seattle, Wash. sar 
|| Received by the Secretary, January 5,1927, 
1 Proceedings, Am. Soc. C. E., October, 1927, Papers and Discussions, p. 2079. 
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BARDEN AND SARGENT ON LAKE WASHINGTON SHIP CANAL © (Papers. 


‘cement fio. be cars the lock site was s $1. 49 per unloading 2 to 4 cents. 
ec “per bbl.; testing, 5 cents per bbl.; a ; sand a nd gravel f. 0. b . barge at pit, 23.8 
ee cents per cu. yd.; ‘towing, 12 to 18 cents per cu. yd.; ‘unloading and deliver- 
¥e Ps ‘toe to bunkers ‘at mixer plant, 5 to 8 cents, per eu. yd. _ These | costs do not 
Clappt also gives some interesting historical data and a description of 
Rc "previous studies leading to the adoption of the present plan. Limitation | 
of space prevented the authors: from giving more ‘details concerning these 
_ features. The statement that the diversion of the waters of the White River > 


the Puyallup has effect 3 in the prevention of floods in 


authors agree with Mr. Sabine 


“In lock design there are several considerations that ‘vender’: “iniprac- 
“ticable to predetermine accurately by theory the action of a certain proposed 


= Canal, the latest locks ; at St. Mary’ sF alls Canal, ond the Laks Washington 


a so far as these features are concerned, is of sneat interest, but his state- 
me as to the experience in operating the locks at the two former places 


> 


designs there than at the Lake Washington At the St. Mary’s 
Locks, where the culverts are under the lock floor with a system of 
ae orts distributed over the floor area, it appears that fluctuations of level from 
one en 

of a about 1 ft. While the can be filled in about 6 ‘min. by opening all 

, cae alves simultaneously, i in order to reduce this’: surge, about 10 min. are con- 

sumed ordinary operation. At the Lake Washington Lock, culverts and 


rae! aeiile were ann worl to fill the lock in 8 min., but. the actual time is only 


A ime is on 
about ‘min. ‘There are noticeable ‘cross- currents and the up-stream 


current is not perceptible ‘until the chamber is practically filled and it is then 
nsufficient to affect ships. The latter are always moored to the north wall 
and the opening of the north valve is started a few seconds before: that of the 


2 ita valve, ‘so as to avoid the possibility of any cross-currents that would 
tend to pull the ship away from the wall, sod most aud 


At the Pedro Miguel Lock, where the main culverts’ discharge i nto small 


wr Lf 


laterals under the floor, the water apparently passes the first two or three 
‘ports in the laterals. The discharge is greater near the wall “opposite the 


culverts, and this results i in ‘approximately the same distribution as with the 


laterals or ‘ports in the side walls’ discharging directly into the chamber. In 
would “appear that whatever the design may be, the most satis: 


factory results i in operation can only be secured as the result of experience 
and the exercise of good judgment on the part of the operating force. oa 
C. E., October, 1927;’Papers and Discussions, p. 2081. 
a , December, 1927, Papers and Discussions, p. 2729. — 
, January, 1928, Papers and Discussions, p. 2738 
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PAPERS | DISCUSSIONS 
PRE CISE WEIR MEASUREMEN NTS 


an 


Srreirr,t M. . Am. Soc. (by letter). + —These 
Professor Schoder’s well- established reputation in the field of 


hydraulics. constitute an important contribution t the art of measuring 


Water. Ever ance. -Trautwine i in 1889 published a translation of ‘Bazin’s 

Bazin’ formula has widely used i in this country, and 

he eee tending to prove its somewhat large results, Bre of importance. 


approach is of vital importance in a weir, , and is, therefore, not easy to 


- determine whether Bazin’ s or r Francis, Fteley and Stearns, or Rehbock’s for- : 
mula i is the correct. one. Not to be overlooked i is. the great ‘difficulty involved 


in calibrating a large measuring basin properly, such asa lock with more or | 


i Tess ; rough v walls, as used by Francis, or a section of the Sudbury conduits, as 
used by Fteley and Stearns. It is easy to obtain an error of 1 or 2 per cent. caale 
¥ Professor Rehbock’s s experiments should be placed i in a different class. ‘These | 


are “indoor” experiments, conducted on such a small scale that this latter 


u 
4 circumstance may easily introduce results that are 1% or 2% too small. _ 


i: writer is well acquainted with the hydraulic laboratory of Professor Rehbock, e 
and believes that the measurements were very accurate; but the small, ‘size 


of the flume no doubt caused the experiments to give somewhat small ‘results, 


if the formula was applied to the measurement of larger discharges. 


* — It is of interest to quote the experiments made at the Amsteg Power ‘House ce 


of the Swiss Federal recently published. The results are given in 


a un @ Discussion | on the paper by Ernest W. Schoder, M. Am. Soc. Cc. E., and the late Kenneth 


. Turner, Esq., continued from January, 1928, Proceedings. 
Cons. Engr., Jackson, Miche ban avotad 
Received by the Secretary, November. 1, 1927. 


_§$“Essais comparatifs dans les canaux fuite ‘ae Pusine d’'Amsteg,” Departement 
fédéral de l’interieur, Berne, 1926. i 
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ON PRECISE MEASU REMENTS 


od 


over those of Frese. Bazin, since the gar measure- 

- ment is closely checked by the titration method and the current meter. Never- : 
aa the table shows vs the tendency of the Rehbock formula to be on the small 
‘side, and the ‘Swiss “S. I. A.” (“Schweizerische Ingenieur und — 


Verein”) formula i is shown to check more than that. of Rehbock. 


ai 


‘TABLE 59:—Res 


Discharge, in volumetric 
liters per second. 


3 


Meas comparable with the Francis, Fteley and Stearns, ii Schoder experi- F 


ments then the Rehbock fo formula are the Frese experiments. In ‘Hanover, 
Professor Frese ike F rancis) made “full- sized” tests in lock 
th tu 

-chamber,* which a1 are pr ractically unknown in this country, and ar e, for instance, | 


| not mentioned by by R. E. Horton, M. {. Am. Soe. C. E, i in the well- -known Water 
Supply -aper No ». 200. It happens that the Frese formula also gives results — 


; = to be on the large side, and, hence, excluding Rehbock’s formula, there 6 


wit ie 
‘are also the following formulas based on large- scale experiments: ‘Francis, 
Fteley and ‘Stearns, Schoder, on the small side, and Bazin and Frese, giving 
a Iti is of importance that Professor Schoder has so ) conclusively demonstrated — 
ha the weir is a very sensitive contrivance. On the Continent of Europe the 


inherent instability of the weir has been and appreciated for a long 
time, _Dr.. J . Epper, former Director of th the Hydrometric Survey i in Switzer. 
! 5 ee. 
id, in correspondence with the writer, in 1914, stated: 
et i “Here we do not use weirs unless they are first calibrated by the current 
meter. e It appears that, no matter how closely the standard weir is copied, 


_ differences will creep in “due to differences in the distribution of flow above the — 

wa ply of 
the City of Berne where weirs gave ‘different ‘results: due to varying flow. 


For measurements that are not continuous obvious conclusion from 


she Professor Schoder’ 8 experiments is, therefore, to discard the weir and use the 


current meter ‘instead. “63 if the weir ‘must be supplemented by meter “measure- 
as ments, the ‘use of the meter only is obviously indicated. The weir naturally 2 
is ; more practical in n cases | where a long series of measurements is to be made. " 
A weir arranged for continuous observation is often found, hpi which % 


calibrated by other such as the moving screen. 
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_ hydro- electric plant at Ackersand, Switzerland, and at the waiting flume | of the 


M. Voith Company, i in Heidenheim, Germany,* such a combination of 


As a rule, however, careful observation of standard weir specifications, 


especially if the velocity of approach i is low or, in other words, if the weir is = a, 
high, will result in good me easurements that are reliable. In Table 60 the 
, writer gives the results of _hitherto— unpublished tests made by William 

Fargo, M. Am. ‘Soe. &E, and a comparison of relative turbine discharges, 

as “measured by « current meters and Francis w weir, r, at the Loud Development 

on the Au Sable River, in Michigan, run on October 16 and 17, 1913. They are od 


presented by courtesy of William W. Tefft, t, M. Am. Soc. C. E., Vice-President 


of the Consumers Power Company, present owners of the dam. weir was of 


: long; the « average \ weir ‘crest elevation v was , 216. 040 ft . The concrete bed was 


at Elevation 207. 47, the height of the w weir, therefore, being about 8. 5 ft. Itv was hie 
- solidly constructed of a steel frame set in a ee 
with wooden gates having a  steel-plate face. The weir crest, was made i in strict tia 


accordance with specifications. ‘The leakage w: was determined by lower- 
the tail-race with the penstock closed, allowing the leakage through 


¥. the gates to fill up the penstocks. It amounted to not more than 5 cu. 
per sec, ‘The head was measured in six places, 21 ft. 9 ‘in, to 23 ft. 6 in. 


apart, ‘by means of pipe connection ns placed in concrete pedestals on the a i 
"bottom of the tail-race. These communicated with six barrels at which ‘the 


head measured by six hook-gauges. An 2 aeration pipe was placed on 
side. ‘The flow was measured simultaneously by current 
meters just up stream from the penstock head- gates. 


| _ Two sections were s selected, one being measured by Price meters, ‘the — 

2 with an Ott meter. ‘The m neters had been’ carefully calibrated in the Nava 

- Tank at the University of Michigan by Professor Herbert C. Sadler. Since 

tests of S.  Hajés, of the Hungarian Hydrographic | ‘Service, ®, published 
 1901,¢ there can be little doubt that a still- water rating | is fully equivalent to 


one in inary flowing water, without cross- -currents or eddies. Although 


these” tests were made many years ago, they were ‘not widely published and 
henee the same question has been re-opened many times.} theory and 
behavior under conditions 0 of oblique fi flow; the influence of different -mount- 


ings; and the s size of the measuring section of the Ott meters “used, had been 


extensively investigated, and the writer, therefore, could. recommend, with 
om confidence, a comparison test ot the Ott meter with the weir. § The rating — 7S 7 


al 
a 


4 “Vergleichsversuche mit Fliigel und Schirmapparat zur Bestimmung von Wasser- 
_ ‘Mengen, ” QO. Lutschg, Berne, 1913; “Die Turbinenverstichsanstalten der Firma,” J. M. Voith, 


“Beitrage zur ‘Frage tiber die /Umlaufswerte Woltmannscher ‘Fligel,” Hajos, Buda- 


__-¢ “Characteristics of Cup and Screw Current Meters,” by B. F. Groat, Am. , Soe. C. E. 

§ “Hydrometrische ‘Versuche,” J. Sandstrom, ‘Stockholm, 1912; et 
Theories sur le moulinet de Woltmann,” A. Rateau, Annales des Mines, 1898 ; “Theorie und 
Konstantenbestimmung des hydrometrischen Fliigels,” A. Ott, Berlin, 1925 ; “Die kGnigliche i 2 
Versuchsanstalt fiir Wasser und Schiffbau in Berlin,” Eger, Dix und Seifert, 1908; “Der — 
normal und schiefgestellte hydrometrische Fliigel,” Vienna, 1903; “Binfluss der Wandungen a 
auf die Umlaufwerte hydrometrischer Fligel,” Vienna, 1899; “Versuche tiber die Genauigkeit — ae a 
der Woltmannschen Fliigel bei schriger Strémung,” Frese, Zeitschrift des Vereines Deutscher > 
1886; and tiber die Umlaufbewegung hydrometrischer Flugel,’ 
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Run No, 2 was an experiment on aeration on Francis weir. _ 
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too low 


di 


n Werr.—Weir crest = Elevation 216.04004 = average of 27 readings 


15 000 


(58) width X depth — 1% x 12sq. in. = area 
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-Ott meter = 14455 sec. 
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Weir length = 117.583. 
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‘+ five Price meters 
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instr: 
(67) (width + 6 x % in. — 2 x 6% in.) depth = (26 + 6 x Yin. 


‘Total observing time for one Epper 


- (68) an observation required approximately 8 periods of 25 re 
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STREIFF ON PRECISE WEIR “MEASU REMENTS 


wrote that the Naval Tank, | at Ann apparently was. very 
| accurate, as shown by the small probable error. The results of the test which 
conducted with ‘great care, are shown in Table 60. It appears that the 
Price meters gave e much too large’ discharges, but the : agreement between v weir a 
and Ott meter ‘was very satisfactory. The present Ott meter, Type V, is 
¥ greatly ‘improved over the meter used i in these tests, and gives a rating curve 
that is practically | a str aight line from the start. 
® After ‘it had thus been proved conclusively that the Ott meter | is fully — 
| ‘equivalent to the no more testing weirs were built, and the “measure- 


ments were conducted with Ott meters. exclusively. In order to “make such 
‘Tehebycheff formula, as mentioned Dr. Staus in his recent work on 


= of current-meter measurements. 
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“PABERS AND DISCUSSIONS 


i AG | — Society is not responsible for ‘any statement ward or opinion expressed live 


“BASIC INFORMATION NEEDED FOR A REGIONAL dese 


od Jee By Messrs. ‘Donat M. Baker AND Harry J. Marcn. 
Donatp M. Baxer, Assoc. M. Am. Soc. C. E. (by letter).{—The 
has classified the various types of information necessary for the development am 
of a regional plan as: _Physical, economic, social, legal, and financial. He has - 
| also outlined an excellent program of ‘securing this 
has been placed, however, on the physical data necessary and detailed deserip- 


tions are given of the methods « of collecting and filing it. ot. 


eu Engineers who a are connected with planning work are often a] apt to 
“to 0 great emphasis on the physical aspects of planning and not enough on = 


Fos g reports consist, almost in their « entirety, of a | physical plan with nc no dis- 


gthe plan, 
e of property within t the planned area can be governed by proper zoning, Bg 


other aspects, particularly the legal and financial. is’ Too many plans and d plan- ae sa 


"proper ¢ streets and traffic arteries through undeveloped territory may be secured Are, 
by sub-division control, and housing can be regulated, but the necessary public ae 


agencies must be set up with adequate powers to carry out this administrative ert pat 
work. ns ‘Improvements, such as new or wider streets and parkways, park areas Feo < 


rapid transit and other transportation lines, can be made, but proper proceed- i 


‘ings must be initiated for these improvements, rights of ' way. and easements 


acquired, “money must be raised for the payment of costs, and the costs” must 


ait Much regional planning w work is now done in an advisory way through 
“peanedasinoes supported by private , contribution or the assistance of municipal ake, 
> but ultim ately planning work must be done in each — by a a body ae 


differ, as” do: local 
“Any plan. outlined for a locality must take these into 


account, must also ‘include e suggestions for ‘new statutes or necessary 
changes in existing statutes in order that the proper planning body may be 


created with adequate | authority. si Courts are rapidly awakening to the urgent 


* Discussion on the paper by Harold M. lewis, M. Ait Soc. C. “continued from 

7 Cons, Engr.; Member, Board of City Planning Commre., , Los Angeles, Calif ye 
by the Secretary, December 19, 1927.00 
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BAKER ON BASIC INFORMATION 1 NEEDED FOR REGIONAL PLAN (Papers. 


; ~ need of planning and are adopting a : sympathetic attitude toward the exercise 
of the police power in connection with it. State legislatures as well as city, 


and ¢ county governing bodies are realizing more and more the imperative neces- 


sity of proper planning and of agencies to administer the work, and it is now | 


much Tess di difficult to and sympathetic Court 


__ Planning includes not only the laying out of f developed | areas: and the ah 


nd conditions resulting from ‘ennai: settlement and develop- 
"ment. ‘The latter phase often results in the necessity of acquiring property, 
2 ights of way or easements through condemnation, as well as the need of 


ca; Laws in many States, by means of which public smgedocatiats must be 


hor "authorized, « are relics of the “horse- and- buggy” days, when the several ; years 
required to complete : a right-of-way -way condemnation proceeding was of no mo- 


ment, and when the costs of improvements and their allocation were simple 
and not | burdensome. re he | e type of improvement was left to the judgment of a 


few: property c owners who paid the bill, and who were not ina position to deter- § 


ix mine whether such type fitted in with a well co-ordinated plan « or with the 


use to which the improvement was to be put. ” It is just as important that 
improvements, once they are are decided upon as necessary, should be expeditiously 
carried out and not wait years for Court awards i in condemnation as it is that 
a“ they should be of a type that. fits i in with a proper - plan or that they satisfy 
Any plan, city or ‘regional, should : include a thorough stnly of improvement 


eke and should suggest amendments or new laws which will satisfy present: 
day conditions, and this work should be done at the same time that other 


investigations | are being n made and physical data collected, because it some- 
4 times takes. a few years to obtain new legislation and have it “tested in “the 


i. entire theory behind the American system of taxation is that pay ment 


me is made i in proportion to the benefits received, and i in paying for public improve- 


—_—_ resulting from planning, the benefits: may be divided into two classes: 
Those applying to the property directly affected by the i improvement, thereby 


z - tending to enhance its value from an: income standpoint, and personal benefits 
reflecting on residents who | use the improvement, but whose property 


or regional plan, 1 
‘tind that are “nice” and those that | are “ ‘necessary’ ‘There i is, however, 


ae always ‘such a thing as inability to pay for an. improvement. When the cost 
of improvements | becomes | an excessive burden on property owners, it may 


result i in evils to tl them and to the community greater than the existing ones § 


the “horse-and- buggy” days it was a simple matter to assess the benefits 


resulting from any public improvement. ey general, ‘they were either borne 


y the entire communit or by property immediately . Siltigeoed to the im 
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me MARCH ON BASIC IN FORMATION NEEDED FOR R REGIONAL PLAN 


other improved forms of transportation, much study and investigation 

is necessary ‘to assess equitably the si and benefits resulting from any 


‘mi n. 


— but the man living 5 miles a away and p Pomesing an ‘an automobile is , only 15 m 
rr from it and probably uses it i a physical sense as much as the ae 


living across" the street. The ‘opening or widening of a major traffic artery 

“may be a ‘positive detriment to property owners living 1 upon it, from the stand- _ 
point of noise a and dirt, and still be a benefit to them and to owners over an 
_ large area due to the conv enience it affords ‘them i in reaching places of work, x, 


pe Any improvement, such as a direet traffic artery or a a rapid transit line, 


_ which brings a place of residence from 15 to 20° min. ‘nearer a | place e of om 


+. may add several hundred or even several thousand dollars to the value of a ; 


_ single piece of property, and all property so benefited should contribute toward ERY 
the cost. of ‘the improvement. However, the method of payment should be 

i" ined so that it can be handled by the ry property owner and still allow him we _ 

reap some substantial benefit after he has paid the bill. 


yd This discussion i is given not | in n criticism: of the very excellent outline of 


9 size the fact that there are other types of data and other lines: of research just 


1 | a as necessary in preparing a regional plan. a ‘Since planning work s seems to be % 


- offering a . considerable field to the Engineering 
attention to the importance of other than the physical aspects. Every, 


- engineer who has had any contact with public - improvement work is more or a 
‘, less familiar with the legal and financial aspects of it, and it: is usually far 


easier : for him to understand them than it would be for a lawyer or financier to. 
omprehend the physical and engineering aspect of planning, and therein lies 


engineer’s opportunity of correlating the to 


Harry ‘J. Marcu, *M. Am. Soc. CE. (by letter). -The author 


great commendation for the comparatively exhaustive and highly clarified x 


ix presentation of a seriously complicated subject. = | 


Regional planning has to do with the physical harmonizing and co-or 
nating of all the various ‘utilities: and resources in the affected area. At the 


same time, because (of its very nature, it causes naturally more or less con-— 
“flict of persons, ideas, and plans. . This is particularly so where glory or money 
being dispensed. The various 1 major and minor civil divisions composing 
the ‘Tegion: have their Tespective officials who are more or less jea ealous: of their 
prerogatives, not to speak of duties. regional plan must “not unduly 
trespass upon the respective. plans of ‘the. units, but must dorrélate ‘and co- 
ordinate them. Therefore, basic data must obtained and impressively 
presented, 80 that it will be e compelling i in interest and objective.  _ | 
pei * While in this modern age it is recognized that communities are dependent, 


“one upon the other, even if some of them are remotely separa ated, the insatiable 


wevel, 
cost 


Engr., City Planning Committee ; Board vot 
Appeals, Buffalo, N.Y. 8 | 


Received by the December 31 1927 
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season whether its immediate toh favorable or unfavor- 
able, has caused illimitable unrest and untold strife. The regional planner 


ional 
should first ascertain the existing g¢ and potential resources of the several com- 


munities | within its scope, irrespective of the resultant glory of one com- — 
munity as. compared with another, or the ® profits and benefits accruing there- 


from. ‘There must be ‘community | team work for effective success. ‘anid 7 
life of the several communities must be systematically controlled. 
Any resources found lacking for the reasonable life of any commun ty should 


‘.- supplied, if. not too prohibitive in cost. if In other words, the life of the 
community should be as well-rounded as that of the There should 


be varied housing, varied business, varied industry, varied educational me 4 
be 


cultural pursuits and varied recreations and diversions, 


_.. Large intervening open spaces, which afford the breath of life, as ie owe, 4 


_ to the adjoining communities, might well form ‘the division area between — 
communities whose specific interests are different, but whose general interests 
| Planners: docu know ‘thor oughly the products which m may best be developed 4 
on the lands within the re region, as well as the potential resc resources of the waters 7 
in terms of commercial transportation, power, or recreational phase. © For 
a instance, in the portion of the ‘Niagara Frontier Region north of the Lewis- 
‘town. Escarpment, there exists a fertile soil readily adaptable for the larger 
_ fruits, peaches, apples, ete.; th the middle area, or that to the south of this 
area, has soil conditions that are favorable for sheep farming and dairying ; : 
the southern area is valuable for the smaller fruits, grapes, etc. These sev- _ 
% eral areas partly encircle the large ones of varied industries at Niagara Falls, i q 
* the Tonawandas, and Buffalo, which are respectively , supplied by intervening 
j housing and business areas. The writer desires to stress at t this ] point ‘the 
‘ great advantage resources: available | for the development of the com- 


munities, because, with the flagging of one an ] 


a ae hace in its scope and compelling in its benefits that the io 
ized, communities will subordinate their s selfish interests to those of the 


comprehensive and economic interests of the whole region. 
ie In the development of regional planning, the basic data to be ieesallal 


should be that incident to landscape engineering, ‘supplemented by landscape — 


: ti n the procurement of data, there perhaps - is no better medium than 
that of a regiona planning association for publicity purposes and that of a 


Resaceevp planning board for pat technical work involved. The Niagara Fron- 
the. Niagara, Frontier Pisuning Board ‘are 


have developed an -community spirit. worthy 


members | are looking iedueed to the attainment of some big objectives which 
ned in no rie. Tait 


could be obtain other way. . onc 
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munity and produce an enviable economical result that cannot be surpassed by 3 
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CULTURAL OPPORTUNI TIES IN 


3 At 
D. 


p,t Esq— _‘There is a great need agreed definitions 


> 
ahs and ger is a pal 


baila stand and generally among the public : as to what is a park or park 
way and as to the proper functions of a park. a Confusion | concerning these 


terms has apparently upset Mr. Crawford. A parkway is not a boulevard ; Ped & 


neither is it a traffic thoroug hfare. ‘The use of the Bronx Parkway in New 3 wy 


. York by large numbers of automobiles, traveling a at high speed, does not make > 


the e parkway into a trafic thoroughfare. Perhaps Mr. Crawford only means 


B: that more thoroughfares should be wider and attractive. _ ‘That would be a 
4 great advantage, but it would not make them parkways. Is it not possible — 


e for: the Society, ora . similar organization, to put before the public i in a forcible eo 


the differentiation between the purposes of different kinds of parks, 


a and particularly ee between a park and a semi- public, or other — 


Haypock,} MM. Aw. Soo. © E- —An interesting relationship may 

discovered between the subject: of Mr. Crawford’s- paper and a ‘recent: 

announcement in the public press, an announcement which undoubtedly. 


great significance on account of its economic, sociological, and “cultural 


The head of a large industry employing an enormous number of workers 


announced recently that he intends to adopt a 5- day week. ‘That announce- 


- Ment immediately raised a storm of protest on the part of industrial leaders 
; throughout the country, a protest. which | was the greater o account of the 


"prestige which the author ‘of the announcement, Mr. Henry Ford, ex enjoys 


as a successful pioneer in new ‘fields. The plan was immediately denounced “th 

being economically unsound. : 

Sit eae Discussion on the paper by Andrew Wright Crawford, Esq., , continued erent November 
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CLARKE ON CULTURAL OPPORTUN 


ressons it is very improbable that any general change in . the 
orking week is an immediate prospect. ‘Howev er, would it not be very rash 


any one to declare to- o-day that it is improbable ‘that the 5- day week will ; 
be i in the accepted order of things a quarter. of a century hence? Suppose 


that it does Senin’ the order of the day? What will that mean? i * book © 


of Leisure” , has recently been published. That prob- 


lem i is then immediately thrust on the city planner in a - much graver aspect. 


oy Does not his responsibility then become as great as that of the leaders in 


we ‘education and in other cultural fields whose well-recognized responsibility it is 
i determine and make provision fo for the cultural requirements of the people? — 
7 if this is true, is not one of the most important functions of the. city planner ’ 


the ‘regional planner the insuring for the: future of for the 


-_advantageou 


D. Esa. (by letter). +—This paper justifies wide « cir 


arts: as day, these professions have been brought to 


vith tremendous problems i in connection with the the planning of regions, eid 


and ‘counties, and of all their component parts. 7, 

The problems cannot be solved’ by members of any one profession. The 

multiplicity of detail ‘which enters into regional planning are such that 


‘single profession can ever master ‘it. Mr. Crawford brings the Engineering 


Profession to task for its s accomplishments with city 
wid 


aay 
in ‘the ‘Nineteenth Centur. He statest that 


- rT “They | [engineers] have only themselves to blame, that the public, weary 
Bes: at last of the drab, stupid, stale rectangularity of the checker-board cities, 


which were all the civil engineers of the relegated them 


collaboration with the professions of the in 1 order to results 


concrete of collaborative on mn the part of members 


of engineering, landscape architecture, and architecture, the 
M foo follow wing: A Commission was organized in 1922 to prepare a park and park- 
ae plan for Westchester County, New York, which lies just north of New 


City between the Hudson Ri iver ‘and Long Island Sound. The area of 


the county, is about ‘sq. ‘miles, the richest ‘suburban ¢ area in the 


os working organization is made up of a Chief ‘Executive Officer, whose 


title i is “Chief Engineer”, a a Deputy Chief Engineer, whose duties have to do . 


: with engineering design and construction, and a Landscape Architect charged © 


with’ the planning ‘and design of park and parkway areas and the design of 


park structures. Architects a are ‘called upon to design all | buildings which do 
not come under the category of ‘minor structures”. In addition, there are 


* Landscape Archt., Westchester County Park Comm., Bronxville, N. Y. rit 
+ Received by the Secretary, December 12,1927, 
Am. Soc. Papers and Discussions, P 1529. 
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Papers.] MARCH oN CULTURAL OPPORTUNI IN PLAN NING 


other departments, such as leg ral, land purchase, maintenance, and 
There has been no ) disposition o on the part of the e efficient engineers in this 


4 veleomed representatives from the ar arts, and the r results of this -opera- 


ody In matter of bridge design, ‘the writer had an interesting expe- 


Tience- in working out more difficult problems with the Commission’s struc- 


“tural engineer. _ There has never been any disposition | on the part of this 
» 


engineer to accomplish work i in design 1 that normally is in the field of archi- 


tecture. The writer believes that, because the br idges designed for ‘the West- 
chester ‘County Park Commission are the result. of collaborative effort, the ey 
_ represent the best there i is in modern bridge design i in the world. ere Pe 


- Mr. Crawford holds out some hope. that the « engineer may some day need ou 
competent to design artistically—to be a “ dreamer”. The writer doubts it, 


|The mi mind of the average engineer is trained to pr precision, to the definite eae 
working out of problems, things. concrete. Such a ‘a mind does ‘not 


s easily re-act to the artist’s | business of dreaming and i imagining. | What must — 


_ be accomplished i is to bring ‘these minds together, for one individual to realize 
the shortcomings of the other, to the e end that, when working together | on a 


single problem, it will represent joint efforts 2 and will produce the finest = 


a _ Engineers are practical men, and it i is hoped, for the sake of engineering, 
‘tne they may remain so. Dreaming m must be left. to other souls; and then 
“the dreamer and the practical man, by getting together and collaborating, — 
accomplish more than the attributes of both were centered in one 


Harry J. Marcu,* M. Am. S00. ©. E 


‘not yet sensed the relative. first, design, 
- and, second, of pictorial design; or, in other words, first the work of the engi- Be ; 
r heer and | then t that t of the architect. _ There ‘must be first t a ‘substantial struc- i 

“ture that will s serve the highest utility purposes and then let i it be painted. Ae 
~The writer is not unmindful of the character of utility in 1 the artistic design 
but i it is not an absolute. necessity 

architect’s dream of a development which, while penutifel 7 in its effect, — 
disregarded economic traffic conditions. The architect had to be shown by 
the engineer the relative value of the traffic and the artistic phase, and he 
finally subordinated the latter to the former. There is a to stress the 

Importance of co- -ordinating the work of the architect and the “engineer. 


architect be more: of an engineer a and engineer 


“of an are 


"regional planning a as as of ‘municipal Would thet “the powers 
- that be”, controlling as they do the extent and intent of public i improve 


could realize the value of such development 


* Chairman, Executive, and Engr., City Planning Committee ; 
ed by the Secretary, December 31, 1927. 
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ii "This phase of the inter-relationship | of the architect and engineer is an 
important. one in the development of regional planning, particularly where 


are to be erected county parks or forest established. 


area in 1 its should ear’ the impress. the 
the same proportional extent as the municipal bears” the impress of the 
_ City Architect. The idea could be best ‘comprehended, perhaps, under the 


term, “ ‘landscape € engineering”, rather than ‘ ‘landscape architecture”. te 
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PAPERS AND DISCUSSIONS 


Hite ‘Society not responsible for statement ‘made or opinion ‘expressed 


By Messrs. Grorce H. FENKELL, N. _Veatcu, Jr, E. R. JONES, 


| Geonce Soo. 0. E. (by letter).—Mr. 


a very complete and interesting résumé of the advance in water supply prac- ha 
tice during practically the full life of water supply systems in the ‘United 
States. To the student, historian, and others, who may wish to pursue the he 


Aw 


subject in ‘further detail this paper will as an authoritative 


The author’ 8 quotation§ from a paper by the J ames R. Croes, Past- 


bat 


President, Am. Soe. C. E., regarding the development of a method of ‘wana a eat a 
ing water direct to. a distribution system and of controlling pressures at nf ie = 4 
point of pumping, is very interesting, as this ‘method i is ‘still j in Soa 

in many cities and towns, } particularly i in ‘the Middle West. 4 ‘The ‘development — 

of the motor- driven fire-pump has eliminated, to a great extent, the necessity 4 as 


for. excess ranges of pressure on the distribution system, which pressures were 


apt to ) have a bad effect on the plumbing systems of the buildings served with — as. 
‘The increasing use of elevated ‘storage tanks and the gradually 


lecmmeand scinalee of those being built also tend to smooth out some of the 


_ .* Discussion of the Symposium on Historic Review of the Development of Sanitary EG 
in the United States During the Past Hundred and ‘Fifty 


Supt. and Gen. Mgr., Dept. of Water Supply, Detroit, ‘Mich. 


t Received by the Secretary, December 21, 1927. 
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KELL ON DEVELOPMENT OF SAN ITARY ‘EN {GINEERING 
which always accompany the use of this system of dis- 


For the ‘purpose of completing the recor d it is to be regretted that Mr. Fuller 


did not extend the data on peexiyuap staan pressures used for pumping water 


_ beyond the year. 1906, and, at the same time, add information relative to 
efficiency and duty. For completeness, some recent “performance of 
steam turbine and electric ‘motor- driven centrifug al ‘pumps would been 


these are fast coming into more general use. 


es. development of intakes for lakes and rivers having small variations 


in level has” probably been more marked on the Great Lakes and i tributary 


waters than elsewhere e. This has been due to the great extent of this region 


and the la: large population making use of these waters. — Throughout th this district, | 


coped weather is gener rally severe, and serious trouble from ice may be 


a pected even in ‘the “southernmost part, Frazil, or needle ice, and the 


‘gers arising from the heavy “Take traffic alee! Ba considered. These 

factors materially “affect design and maintenance of intakes on the 


4 
Lakes. 


The intakes consist of a line on the lake bottom, 


may be piled around it. it. In ‘some “cases the pipe terminates in two or three 
elbows. A more - elaborate design of the inlet end of the pipe (and this type 
a: used by the City of ‘Detroit, Mich. , in 1858) consists of a boiler- -plate 
cylinder having a dome top perforated with a great number of 3-in. holes. 


Another variation has a cast- -iron or steel hood or cage | placed « over the inlet 


elbow or toe of the ] pipe Tine, which - is pierced with holes 4 in. or 1 more in 


at 


a Toronto ‘protecting erib and, 
fo the older is by a cone consisting essen‘ tially of twenty: 


eight 14-in. round | bars, spaced equally around the circumference, and for 
in. 


the new intake by a pre plate supported 30 in. above the lip by. A} -in. roun 


- For the Tarees intake pipes: it is customary to protect the inlet end by 

a submerged crib. There is considerable variation | in the construction of 

“these cribs. The larger ones have usually taken the. form of a “square: or 


tery 


_ octagonal timber ‘erib having a solid floor. _ They are divided into compat 

‘ments by the cross: timbering. The conduit is carried through the cribbing 
‘or below 

n_ elbow. some cases, to provide for uture: extension, the. conduit is 

ied across bye crib, the end being closed with a blank flange 

a tee provided at the central well. The crib is towel 

ot to its final position and sunk, and as many compartments as are necessary] 


o hold it down are ‘filled with broken stone or - concrete,*or both. © The ‘usual 


is the well, and often the four adjoil- 
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Papers 8. _FENKELL ON DEVELOPMENT OF SANITARY ENGINEERING 
_ ing the sides of the well, with a grating of plank placed on edge and spaced ~ 


about 2 in. in the clear. In some eases, as” at Toronto, the pipe is carried 


above ‘the rib and tk the inlet p protected. "Sa" 


_ The submerged type of intake structure is usually built i in connection a 
pipe conduit, but at Gary, Ind., Crib No. 5 at Cleveland, Ohio, and the new _ 
ntake at ‘Milwaukee, Wis., . the conduit is a tunnel. all exposed 


intake structures have been built in connection Ww with tunnels, , but that a —_ 


ont treal appears be the exception. These structures are usually, 
‘to depths of 40 ft., r less. Crib No. 3 at Cleveland is in the deepest water, 


— An exposed crib consists essentially of a central well enclosed by 1 massive 


walls of sufficient thickness to give : strength and stability to resist the forces 
of wind, wave, and ice action. ‘The intake shaft of the tunnel draws the 
water from this well, and ports i in. the crib walls admit the water to the well. a q 
cribs are built. on shore, launched, “towed to position, and sunk, the 

bottom: having been off by dredging. 


There has been change i in the | design 0 of exposed intake cribs. 


~ 


t taken the lead ix in 1 developing Mile Crib, 
~ pleted i in 1867, was the first. It was built entirely of timber, pentagonal i in shape, : 
with 58-ft. sides, and a height of 40 ft. ‘The central well was of ‘similar 


shape, and the seven compartments of the wall space were filled with rubble 
a 


“during sinking. The Hyde Park or | 68th: Street Crib i is of similar construc- 

tion, but hexagonal in plan. - These two intakes are peculiar in that they are | 
i enclosed by a heavy breakwater. je Crib No. 4, the first exposed erib at Oleve- 
ade built prior to 1890, was "pentagonal and was constructed entirely of | 


timber. The Four- Mile Crib, built during 1890- 94, the Lake View Crib, com- ., 
pleted j in 1896, and the Carter M. Harrison Crib, built about the same time, | 
Chicago, mark a change i in construction. They are all ‘cireular or — 


compartments. which, i in the ease the ‘Vouk: Mile Crib, “were filled 
with concrete. Crib No. 3, at ‘Cleveland, built about 1898, is in 
The Detroit ‘intake -erib, built during 1905- 06, 


of timber and the compartments were filled with “conetéte. is 


elong: ated octagon. The City of Buffalo, N. completed a crib i 


two concentric steel ‘shells with no ‘bottom. w as divided 


into compartments, a number of which were closed at the bottom — 
‘buoyancy, when towing the crib t to position. The ‘erib was landed on 
concrete foundation r ring resting: on rock, and the filled with, 
Avenue Crib, at Chicago, _ completed about: 1918, presents 


here ‘two concentric steel shells with radial. com-— 
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the When sunk, the steel shoes entered the clay and sealed the 


fig Exposed cribs are usually provided with an more or less elaborate. super- 

structure with quarters for attendants. Except for the Wilson Avenue Intake, 

. Chicago, the Linwood Avenue Intake, , Milwaukee, an and the Buffalo Intake, the 

~ Tee is a source of much : ich anxiety and trouble for m many who maintain intakes — 
on the Great Lakes, because it may greatly reduce, and, at times, cut off the 
flow. Sheet ice and frazil ice are usually the source of trouble, sheet i ice e chiefly 


after breaking up, for it is then carried by wind and current and may form: 


jams obstructing the flow to the conduit. Frazil ice, by 2 adhering to the 
sides of inlet openings and ports, gradually builds 1 up and becomes a serious 7 


soe will Various remedial measures have been used to overcome ice troubles, par- 
from frazil i ice, but none has been uniformly successful. Experience 


a marked 


Bay 0. 5 ft. per sec. have been used, but there is no available eae: as to the maximum , 


velocity which will not overcome the buoyancy of this ice. 


_ Back pressure on the intake ports of submerged ribs has been used more 
or less effectively to remove adhering frazil ice. _ Steam and compressed air 
also been used, and dependence, in some cases, is “placed on “sufficient 
storage to tide over the demand until natural causes assist in removing the 
obstructing i ice. On exposed intakes, particularly at Chicago, a crew of men 
is stationed crib to combat ice. poles, steam, and 


= tities of water for condensing. _ The maximum consumption per plant of the 


Detroit Edison Company ranges from 184.000 to 500 000° gal. per min. 


ore 2 gal. per min. per kw. The intake arrangements of 
the | power plants are quite different from those. of the water supply plants. 


The water usually comes: through | a short canal, ora forebay, which may < 


may not have a boom across” the entrance to deflect floating débris and Rar 


rip-rap for the enclosing dikes. 


- Traveling screens are usually installed at power plants to remove debris 
andi ice. These lants are also arranged so that the heated coolin water can - 
g 


be into ‘the forebay and thas prevent trouble from fice. 
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an ‘Veatou, JR. M. Soo. oO. E letter) + The t 
¢ cleaning a1 and the disposal of refuse, discussed by Mr r. Greeley, is one which, >» 7 


in a way, may be termed an “orphan child” of the Engineering Profession. 
engineers have had the desire, or perhaps the nerve, to make any 


effort to study the : subject from its engineering or scientific angles, and, as 
a consequence, the profession does not have the wealth of engineering deta 
and | background 0 of precedents | int this particular field that it enjoys in many 


- others. An engineering writer who is unusually well informed on the subject 


i! once offered, in substance, the following statement, as one of the reasons for — 


its present status from an engineering standpoint: ©The question of collec- 
tion and disposal of refuse has been made > a ‘political football’ so to speak, 


and there is an almost universal lack of realization the officials 


that the subject i is really an engineering matter”. Ml 


_ This assertion is undoubtedly true, as is ‘evidenced by the fact that, gener- 


branches of the city government not t connected with the engineering depart-— 
ment, and with 1 comparatively few exceptions it is given no engineering advice _ 


or supervision. As a result, there are numerous examples of failures in prac-_ 
tically every | method of handling the problem, and practically every city offi- & 


AST 


cial, in whose department the refuse collection and disposal is handled, feels 


that he has started his duties as a public official with a veritable “stone hung ara 


of refuse has been, and still is, for the loss of many 
among the urban populations of this and other countries. ‘This is true to a 


degree sufficient to’ challenge the interest and effort every one interested 
sanitary science. The fact that, at best, the refuse problem is a difficult 


itp unpleasant or one, due to its very nature and its political entanglements, — 


is perhaps one of the causes for its not’ receiving the attention it should have z= 


from the Engineering Profession in general. However, the difficulties that 
ey problem seems to carry with it are causes only, and should not be made Be 


: nto excuses. In spite of difficulties, an an immense amount of scientific engineer 
a: ‘ing thought ar study has been given to the problem, and there are numerous A" 


examples of service on the part of conscientious city officials and 


maribers of the Medical and Engineering Professions. There are also numer- 


ous examples of cities having efficient and successful ‘handling of their street ore 
- cleaning and refuse problems, and it is pleasing to note that most of them 


have had scientific and technical advice, and that they have followed it. 
ape. Much valuable data have been accumulated both in this” country 
~ abroad, ‘valuable service has been rendered, and valuable “results have been oe 


obtained by a rather small coterie of the Engineering Profession. Mr. Greeley 
is one of. that number, and the profession is indebted to him as well as many | 


contributors. He is undoubtedly correct when he states} that, “efficiency — 


operation and progress in the future will 1 depend in large 1 measure on the 


‘ Cons, Engr. (Black and Veatch), Kansas City, See 
t Received by the Secretary, ‘Deosmher 81, 1927... a 29 
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In of garbage collection and disposal was 
or years a “thorn | in ‘thie side” of the city officials. The service has been, and 


still is, obtained ‘through private | contract. _ For a long time, , the contractor | 

was paid : a a lump st sum per year, the amount being increased from time to —_ 
as the city increased in population. — This ‘plan did not give the best results, a 
house ‘service was unsatisfactory. The contractor fed the collected 

varbage to hogs, , and in ‘consequence a considerable amount of. material that 

= into the usual house garbage was rejected by the collectors, ‘and carlin 


complaints of non- collection were ‘Such could be 


In an attempt to solve the problem, | the 2 city officials found themselves _ 


nfronted, not only with the q of proper but also with one 


. Fi at the ‘city’ 's expense, a plant to dispose of the garbage * a nel 
_ process, which to that time had not demonstrated its feasibility. This action 
stopped by injunction. Later, the city had engineering specifications 
4 prepared, a and called for bids including those for eet collection and pate 
The contractor was ‘to select his own in the latter. ~The successful 
“bidder turned the matter of mechanical garbage disposal over to @ sub-con- 
and agreed to assume all expense of installation | and responsibility 


for the operation of the plant, Mins, “aud | 


le. 
og As soon as the contractor r had his work under way, and his routes ¢ organize 


engineering survey made, and 


report prepared covering the s services inelnded in the contract. 


its population distribution 
tration, character and amoun its of garbage from different sections of the city, | 


manner of house treatment, operation and eating of units, together 


ys neering study, and a rather unusual effort in co- aetion. on the part of the 
improvement in the” ‘collection service quickly 


‘The. calls for payment the city on ‘the basis of tons of garbage 


An merican process”, ‘mentioned b ed by - Mr. Greeley.* While the plant has not been © 
n operation long enough to 7 prove its practicability definitely, the ] process, » if 
successful, will be a decided ond looked forward to 


“with a great deal of interest. 
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The 
ae insiderable question as to whether the best service © Sse 
‘sit ivat tne et there is no ques how 
— can be given under municipal operation or private contract, there 1 rere a cult; 
tion but what Kansas City benefited materially from. the scientific manner 
which its garbage disposal problem was handled. = © 
* Proceedings, Am. Soc. C. E., September, 1927, Papers and Discussions, p. 1624. 


JONES, * Eso. letter). t—The drainage policy throughout the 


United States, has changed since 1920 from | one of extensive to one of ‘nites 
‘sive | drainage. By the former method is meant the practice of constructing — eq 
large outlet drains for undeveloped areas for the purpose of creating 


more farms. Intensive drainage means the drainage, usually by means of | 


of the wet ‘spots within or at the edges of existing farms: and 


to 1920, both types of drainage were making progress. The 

agricultural depression beginning then made extensive drainage unprofitable, 

Z The demand for land, particularly new land, ve came less, the price of land a 
fell, and new reclamation pr actically ceased. 
This was not true o of intensive ‘drainage. the of ‘high labor 

por low prices for agricultural “products, the farmer had to look around for | 

means of reducing the cost of production in order to keep up his profits. He 3 a 
found that he had to keep two hired men during the > cultivating season to 

adequate cultivation toa 40- acre cornfield i it was mutilated with 

spots and swales. The fields were too wet so much of the time > that | he 
to have a double crew ready to work fast when these spots | did dry ‘up. arta a 

Then he got tired of feeding and paying the extra | hired man. He began 

‘to ‘tiledrain the wet ‘swales in those fields for the chief purpose of reducing 
the ‘cost of cultivation. Increasing ‘the yield was a ‘mere incident. He found 


there “were commonly twice as many hours during June when a well- 


drained cornfield could be cultivated than ‘were available i in a ficld mutilated 


by wet swales. 


This’ meant that | one man could cultivate as ‘much ¢ corn in 
well-drained field as two in a poorly | ‘drained one. | That is why farmers are 
draining the wet spots in their ficlds, to Hite et ylague ain 


‘ a One of those farmers i is a resident | of Reedsburg, Wis. He can use a tractor 


s. He has paid for the = 
‘tractor with the money he saved by discharging the extra hired man an 2 


with the increased yield of corn. The drain tile i is ; his: remedy for the high | 


ta! 


cost of farming. ‘Fifty-eight ‘earloads of tile» “were laid in his township i 


_ Fortunately, intensive drainage does not cost as s much as extensive drain- 


With the latter, 200 


dry up all ‘the wet swales in a field. This 8400 reflects 


value on the entire field, because the wet swales made the slopes between a. : 


them inaccessible in stormy weather. On extensive areas of wet land, not _ 
és do outlet ditches have to be dredged, but lines 3 of tile. 4 rods apart on the 7h 
_ whole area 1 may be necessary, at a total cost of $100 per acre instead of $10. 

a That does throw the dredge or big- tile outlets into the discard. They are oh 


still “Necessary, however , in many old ‘communities where a sluggish -_ereek 
| 3 now forms an inadequate outlet for the lines of tile on the wet swales in the — 
ra cultivated fields. Likewise, the three-cornered fields west of Brodhead, Wis. es 


100) saver 


can be made rectangular and economical only by improving the channel of 
*State Drainage Engr., Madison, Wis. " 
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uda Creek for 4 miles. This: project is now under way. Because of 


run- -off from the surrounding hills, a big ditch better in 
Leonarp GREENBURG, Esa. (by letter). +—The steps by which ‘Progress has 
measured in the field of heating and ventilating during the last 
hundred and fifty years are clearly described by Dr. Palmer. 


pt seemed certain in t the earlier days: that the discomfort one felt when — 
' a in a poorly ventilated room, was s due to the vitiation of the atmosphere, 


about either by. the p roduction of subtle exhaled ‘toxins, or by the 
accumulation of carbon dioxide. It has since been proved | that these theories 
4 are incorrect and to- day most people are convinced that the discomfort - 


= 


of yielding approximately 1 t 3 000, or. more, per 

- The heat of this oxidation is liberated within the human body and in the body q 
- tissues. Some of it is needed to keep the body warm (98. 6°), but a large por- 

tion walk be wasted. This i is done 2 by the usual means (conduction, convection, 


radiation, and | evaporation) from the lungs» and the surfaces « of the body. . 
‘Tf the environment is too warm, the will have a difficult or 


impossible task in dissipating its excess heat, the heat- regulating and vas- 
cular systems of the body will be overtaxed, discomfort will ensue. The 

problem of ventilation, in the light of present knowledge, resolves itself chiefly 
es nto the task of | warming rooms without overheating them. I, To be sure, the 
z “problem of air supply i is still of importance, for it is by this means that the : 
heat is. removed from large spaces, | as auditoria or theatres. To ‘be 
specific t the : room ‘must be comfortable when ‘people enter it, and remain 
: , in spite of the continuous: contribution of heat from the people, well: 
that from the heating : sources which are use. is the 1 regulation 
_ these heating sources and, if necessary, the removal of body heat which must 
be ‘accomplished if the « environment is to be kept at the proper temperature. 


all this must be accomplished, as Dr. erie states,§ without the production 


atts « 
engineer has been accustomed deal with physical structures and 


materials which he can measure and weigh. Fo him the of 


x 


production of a condition shall feel to ‘ike 


of the occupants. , | Feeling is something new to the engineer ; it is a yard- 


; stick that is more » familiar to the physician. _ Fortunately, it is possible to 
translate feeling into temperature for it has been. found that healthy seden- 
people usually feel uncomfortable indoors in the winter when the air 


* Associate San. Engr., U. S. Public Health Service, and Lecturer in Public Health, Yale sf 

Received by the Secretary, December 23, 1927. fue 
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In addition to ‘the importance ¢ of the sub sense of as a crite 


rion of ventilation there appears to be one other aspect of the problem to wi o which , 

the ventilating engineer attaches insufficient importance, ‘namely, the n necessity _ 

_ for variability i in the atmospheric: conditions to which the body is exposed. 
~The human body is peculiar, in that conditions which are continuously 
are monotonous and distasteful to i 3 For this reason, the window 


method of ventilation with its intermittent breezes of cool and warm air, is” 
‘much more pleasant than the method of closing w windows and ventilating: by 


One of the stumbling blocks in n the progress of ventilation has been 


established facts 
still ma ventilating engineers an air change of 30 


cu. :. = ‘per person per min. It is important to note that if this change is 7 
supplied at a higher temperature than 70 . it may serve to overheat the room 
chill the -oceupan 


produce discomfort, whereas it is too cold, i t will 


of the room. ‘The t 


ae Ventilation laws prescribe the supply y of 30 30 cu. ft. per person per min. Few i. % 
them definitely state the temperature at which the environment should y 


‘maintained. It is obvious that they "overlook the all i im mportant part of the 


In addition, they actually i impose a financial burden on the owners” 


of the buildings and, in return, yield atmospheric conditions which, a accord- 


ees to the studies of the New York State Commission on Ventilation, are 


j 
m Dr. Palmer’ s tabulation* of the changes i in ventilation likely to take place 


in the immediate future, is s excellent. - jee writer ‘suggests a slight change in 


accomplish. In order to design new systems which will ‘work 9 with the a 
efficiency it is 1 necessary to know the working characteristics of those now 
- in use. On a basis of such studies, engineers will be enabled to alter. designs 
and take into ) account some faetors which, perhaps, are now overlooked and, ae a 
what is still more important, they will learn how to operate existing plants. 
will be. possible to instruct those’ in charge of operation just, what to do, 
wae hen n atmospheric conditions arrive at the optimum, in order to maintain 7? 


% these « conditions. A ventilation plant should not be compared 1 with a | bridge 


is ora building « designed by an engineer because these structures 1 usually require 
Es little or no operation, but it should be compared with the water purification | 


— 


= 


a or § sewage treatment it plant ; these require expert operation and receive eit asa 


s It is to be hoped that, in the future, the ventilating system will bee given 


re expert ‘supervision and | operation. Tf this is lacking one naturally turns — 
_— hisa attention to the use of automatic temperature control apparatus s and, with-— 


“out question, the improvements to be expected i in this field should do much + to 
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_inerease operating efficiency. ra At At first glance the problem ‘may appear to to be 7 
dy and r reflection will | prove it to be « com- 
plicated. It must be borne in mind that direct sources of heat, such as _ 
radiators, are large heat reservoirs, and when the steam is cut off they ‘sal 
“continue to give off heat to the room atmosphere. This suggests, at once, 
that radiators should be turned off somewhat below the upper limit of the 


he field of industry presents the most interesting oan important tasks © 
= for t the. ventilating engineer. The ventilating problems of industry a are mani- 5 


a! | a fold, and they « continue to grow in number each year. Plants for the removal | 


gases, and poisons, require the services of ‘the ablest workers. Exact” 


knowledge « of the necessary elements in designs of this’ type are in the hands" 


of relatively few, and new poe are essential as newer problems _ arise. | Fur 


thermore, these problems are complicated by industrial conditions and plant 

ey are important both the health and economic _stand- 

point, and should receive increased attention from the Engineering Profes- 


roblems of cooling in the warm | ‘months of the year and re- -circulation 
i the heating ‘season depend in a large Measure for their solution on 
- the economics involved. It appears t to the writer that the ventilating engineer 
can cool the ordinary auditorium \ very satisfactorily, provided the rather large 
expense involved is : no handicap. Re- -circulation ¢ can well be practiced if the e firs 
economic return is justified by the design required. That ‘improvements the doc 
ong this latter type of system are required there is no’ doubt, but these a re largely Tegard 


of the nature of thermostatic temperature control discussed previously. ~The of the 


% odor problem, which is of importance in this connection, may be solved { pa artly ests an 
by the careful control temperature a and humidity (odors are ‘more pro- 


nounced at higher temperatures and humidities) and, in some measure, by 


chemical and not the physical viewpoint of the problem of ventilation 
may be ‘regarded as the one single important obstacle in the way of ventila-— 


o progress. . When ‘this is completely eradicated progress in this field 4 
be more rapid than it has been in the past, 
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AMERICAN SOCIETY OF on 


pals _ INDUS STRIAL WASTE DISPOSAL 
oud B. Bessevievre, M. Am. Soc. C. E. 


EpMunp B. M. Am. Soc. E. (by letter). +—Broad- minded 
and far- sighted ideals have been the backg 

of the ‘State of Pennsylvania for a long time. The Keystone | State, perhaps 
the first, and by far the foremost, ‘State of the Union to recognize and accept 
the doctrine of co- -operation between State and industry, has progressed far in % 
regard to > the allocation of streams t to their most economic uses, the recognition ae 

of the basic rights of industry, and the discrimination between ‘selfish inter- 

ests and those necessary to the State’s welfare. As have other States, Pen a a 
sylvania | has some citizens who believe that their pleasure or convenience is 

paramount. to any other consideration. _ It makes a good argument to claim 

that fish are killed because of stream pollution. _ However, i is it right to stifle _ 

or penalize an industry which produces millions of dollars of revenue and 
employs thousands of people, for the sake of. providing : a few fishermen the 
iright to pursue a sporting proclivity ? No! State of Posen? lvania (and 
phere much of the credit i is due to W. L. ‘Stevenson, M. Am. Soc. Cc. ‘E) has — 

B been wise enough to form a Boar 

waters. 


d to have jurisdiction « over its intra- -state << 
This Board, in turn, has promulgated wise rules that fully weigh the 
inherent rights: of the individual as to industry and health. SORTA 


oa 


-operation with industry, in assisting industrial groups to solve problems 
of pollution peculiar to that industry, has been another feature of Pennsyl- le. 
pVania foresightedness- which has followed elsewhere. It is a basic fact 


known to those who are closely identified w ith stream pollution, that industry ae a 
..,*° Discussion on the Symposium on Industrial ‘Waste Disposal continued from January, : 
Ne San. Engr. and Mgr., Eastern Territory, San. Eng. Div. Dorr Company, Engrs. 
Received by the Secretary December 30, 1927. 
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is prone to stringent requirements acbitrarily made and enforced. 


Zz Waste tr treatment at its best is an expense, and an industrial plant owner cannot 
age be blamed for holding off the fatal day as long as possible. . Therefore, an 


inclination to assist by working the and sensible 


that i is, an industry, if faced with an expensive treatment, could continue its e* A 
experimental work indefinitely and 1 thus stall eventual compliance: with the 
law. | That is not true in the co- operative measures thus far undertaken, 
a "feat the larger industrial groups have sensed th the inherent justice of dis- irs 


,. mar; continuing pollution, and are genuinely ready to. o find a r reasonable w ay és... 
ri od compliance. | Much good can be accomplished by this industrial g group 1 work, 


Me = fault the writer « can see in this gall is that it may lead to procrastination; 


card as the financial burden entailed on any one member is | small, and at the same 
time sufficient funds can be obtained to enable really - -worth- -while work to be 
_ carried on. It should be encouraged, provided | satisfactory and economical differ 

‘ 


‘methods of treatment for the waste in question are not t already known. _— a P 
‘The third, and by no means the least important, co- operative 


es in ‘Pennsylvania has been the fostering of joint action with adjoin- ‘hw 
ing States over interstate waters. Obviously, no relief can be obtained ona 


stream which divides two States, without concerted action by both States 


ment 
co- operative arrangements among the States of Pennsylvania, 
Ohio, West Virginia, and New Jersey, the work that has been done on 


. the rivers which separate e these States, i is the best answer to the value of this J 4... 
; _ phase of clear-sighted public health work. © . It is hoped that nothing will be 


ppt allowed to interrupt or halt this good d work s0 ¢ essential to the welfare of all. er" his 


a Setting a standard of treatment or degree of purification is one of the best his Pe 
ways to get action, provided the standard is logical and practicable. Oil Maes ai 
seiner wastes, as discussed by ‘Mr, Weston,* have not been given the exten- attack 

sive ) study that other wastes have received, and the efforts have been to extract ‘died 

the oil and tar as possible by gravitational means. This simple J; 

ing. 
= Eat : treatment. has sufficed i in many cases, mainly because the 1 volume of the diluting nenta 
water 1 receiving the wastes has been great. There are ‘cases, however, where “a 


be greater results must be produced and sufficient work has been done on w wastes ae 
a from large r refineries to >» show that J Nature ¢ can be assisted at moderate cost. my 

ae “al - Precipitation of tars and coagulation : and flotation of lighter « oils may be Ind we 
chemically, electrically, and mechanically. With proper sedi- 


ss mentation basins provided with mechanical skimming devices and means for ff. 
-— sallesting the deposited sludge, this | process can be made continuous and will lip 


“occupy little space. Assumptions, however, are dangerous in industrial waste 
practice, and tests should be made in each « case to determine the best and = pag . 
ae _ Mr. Crichtont is correct in his premise that treating coal mine wastes with 
lime or other chemicals i is simply shifting tl the burden from the shoulders of 
a the mine operator to the shoulders of the public through its water ‘filtration 


— The aren. arises as to the relative economy of neutralizing 4 acidity 
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| at one place, and reducing the increased ellie: at another place, as against — 

carrying out all _the treatment at one place. The cost of treatment or neu- 
-tralization mentioned, 15 to 25 cents: per 1000, is not excessive as compared 


© § to the cost of treatment of other wastes ; but although a few cents per 1000 | 
gal. may seem small, when multiplied by thousands of thousands the bills 
is At this point, it is proper to call attention to the fallacy of 
“ industrial w waste treatment problems on | the basis of cost of treatment of a small © 
n, 


> volume tested without ascertaining the true cost of the total volume to be han- 
dled in a given case. does not seem expensive to throw a little chemical, 
~ @ perhaps a few grains, into a beaker of £ waste to achieve a result ; but multiply — . 

k, those few grains by the ‘number of gs gallons required to be treated, and the _ 


b | small pinch of chemical becomes a carload or a ton of the material. ~ Inves- 
e 


Ke tigations should be carried out with this clearly in mind , because frequently a8 
7 ‘different methods may be required if < one proves to be impracticable from ee. 

EL cost: standpoint. Also, at this point, the relative initial cost | of the plant, as wit 
ure 


age “compared to operating « expense { from the viewpoint of the che chemical 1 bill, must 
be visualized. ground area is available, and experiment shows that. a 


larger plant will require less chemical, and the interest charge « on the invest- E . 
aunt for the larger plant i is less than the cost of chemical for the smaller _ : 


nis, then the larger plant is the most economical. or sorital 
Referring to the Melcroft problem,* the writer was consulted on this, 
the investigations showed that the Wastes could be be neutralized at at about 16 ae 


on 
cents per 4 000 gal., but that the hardness of the water was increased. This -) 


n a 
ates 


fact was reported to the Melcroft Company as was duly proper. Vy. 
ae _ Paper mill wastes, discussed by Mr. Spence,t are one of the few industrial ‘ a. 


Penie wastes which offer a hope for economical recovery of usable material. nie: 


attack industrial waste problems in general from the standpoint of 

os profitable recovery of some ingredient i is wrong in principle and i is m mislead- — ae 

ing. Very few wastes are entirely free from potentially valuable constit-— 


auné | uents, but the cost of reclaiming these substances is very often “a delusion 7. 


~ anda snare”, ¢ and new raw material may frequently be purchased at less than ~ 
~~ & the cost ‘of reclamation. Expensive | plants have been built to recover waste 
“materials: and after operating for short "periods at great cost close down. 


Industrial waste treatment should be attacked fi from the viewpoint 
be pe | ducing the desired result and of letting any recovered product be used asa 
1 vill partial stand-off of the cost of treatment. Do not spend the savings before __ 


they are made, but be happily if if a slight retarm comes: from 
§ A great deal of work has been done in the treatment of paper mill w wastes, * 
and it has been demonstrated to the satisfaction of some large: com-_ 
panies that sufficient pulp can be recovered not only t to warrant the original 
expense of the plant, but to amorti 


and even in cases where the p pulp i is valued at 1 cent. per Ib., it has 


to paying investment. In those cases of high-grade where | pulp 
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is worth 


isa a matter of months. Carefully ‘and constructed save- s-alls are 
a ‘ operation in many mills and that the results are ‘Satisfactory to the owners — 


Hers 


attested by the purchase of duplicate plants | for other mills. Sometimes, 


it is necessary to add alum produce efficient: results, but as in some high- 
7 grade papers, alum is used | in the nor ‘mal process of manufacture, this does 
not destroy the value of the recovered pulp. After 

Ib deciding between competitive devices, of 80 hig 
: much higher recovery | by using alum | or some other coagulant and the leon 


of which achieves a lesser recovery without the use of alum, there are se. id Se 


4.) 


is fre 


factors to weigh: First, if the higher “recovery is necessary to. satisfy health of old 

- authorities, _ then the unit producing the lesser recovery is out of the question, basins 
7: despite i its possible lower cost and, second, if one unit is cheaper i in first cost | dimin 
than a another, but requires s the use of alum to procure a high r recovery, which | basins 
ment 


mae cost must be capitalized | and added to the first one, and the other | unit does a! 
‘not, the relative r recoveries s must be considered and evaluated. If unit does not j 


Relative to the paper by J Messrs. Howalt Cavett the treatment of 


wastes may be properly subdivided into ‘two classes rated: according | a resu 
o the ‘difficulty of. achievement of the object t, namely, (1) partial treatment; study | | 
complete treatment. It has been the writer's: experience that the mende 
second of these objects i is the one least « often sought for, at least, this i is true f 

at the present time. It may be that, owing to the size and the nature of the requir 


streams i in Pennsylvania and the location of the tanneries, the necessity for less i is 


* complete treatment in that State exceeds | any other demand, but elsewhere 


= 3 _ Tannery wastes are relatively - easy to treat from a standpoint of eliminat- 


ing or reducing the elements of f nuisance—solids, hair, sludge banks, scum, 


ich odor. At present, a large number of installations sacinabdianet parts of the 
satisfactorily achieving the ‘purpose for which the Plants were 
ot It is a icine fact that a great deal of the hai, fleshings, and small 
leather scraps, may be most economically and satisfactorily removed by 
_ mechanical fine screens. This feature has been adopted at some of the largest 
and leading tanneries in the United States. Removal of the coarser solids and 
hair, ly mechanical fine s sereens, eliminates not only of the 


~ elements of unsightliness and trouble where tannery wastes are ) conveyed in 


-. ‘sewers or streams, but also lightens, “materially, the load on subsequent units 


treatment, where required. Screenings are mechanically handled and 
placed i in convenient receptacles for final removal. 


September, 1927, Papers: and Discussions, 
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tion of chemicals will add this ‘percentage, so if. 


is frequently hard at t least t to ad invisibility in the 
a After all, 9 why 1 remove it to that extent if the dilution factor of a ‘stream is e ; 
30 high ae to dissipate color when the effluent is mixed with it? - Nature pro- pro- as 
a decolorizing agent in the stream and it should be used. 
* Sedimentation basins have been. developed, which eliminate the difficulties 
h 4 older types. & - Manual handling of sludge, dewatering to remove it, _duplic ate 
basins, and | deterioration .o of effluent | by sludge, all have been 
climinated by the use of the modern, mechanically | cleaned, sedimentation 
J & basins, which have been successfully used at a number of tannery w waste treat- ' 
Sedimentation alone w ill not remove color or If their removal 
is required, other methods of treatment will be ‘necessary. The work being 
re | done by the: J oint Committee of Tanners and State He Health Officials will 
; | undoubtedly add much to the literature of this subject and | will ‘provide an 
ea answer to the particular problem to be solv ed in Pennsylvania. As to to its 
“ application elsewhere, the use of | whatever remedy i is finally | decided upon as 
ae It of these tests ‘should be tem ered with ood | jud ment and careful 
ty ‘study i in order to make sure that that which is best for the client is recom- 
he ‘mended. The best for the client means the most economical fo form of treat- 
ment standpoint of | first and operation cost, that will meet the 
requirements of the ‘compelling authority. More than this is 


less is prejudicial to health. . Let the good work of experiment. continue, b 


esults with ‘good hat 
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This ‘Society is not responsible for any statement ‘made or ‘opinion expressed 


NEW THEORY OR THE CENTRIFUGAL PUMP 


G. Hooper,+ Assoc. M. Am. Soc. E. letter). {—~Considera- 
tion of the several different theories of pump design | advocated and success- 


fully used by recognized d authorities in this field’ of engineering would lead — 
an observer to believe that there must be more in common among ‘the theories 


Exmer G. Hoorsr, Assoc. M. Am. Soc. C. E 
paw 


than is inferred i in this | paper. Pumps have been designed, built, and operated — 


faith in in any particular is evidence enough of a a ‘reasonable degree of —_ 


cess in obtaining» desired results. The only satisfactory explanation for 


similar results from apparently methods i is difference in interpret 


tion of design and test factors, and i in the manner of co- -ordinating : them. i 

The author’s statements, that a centrifugal p pump may be considered as 
series of three orifices through a which all the water is to flow, that each orifice 


requires a difference, , or drop, in head equal to the i issuing velocity head beyond oe 


the » arbitrarily. assumed locations to produce the velocity ; and, finally, that the aa 

sum of these drops is to be subtracted from the static head at no flow to give i ae, 
the resultant head per pound of water delivered, raise questions in the writer J es 
There can no doubt that the formulas representing the ‘new 


‘create sv 


the fact, that velocity through opening, either nozzle, is the 
result combined -velocity- -of-approach head and _pressure- -difference 


head. - Cextainly there was an appreciable velocity of approach to the so- -called 
Discussion of the paper F. Sherzer, Assoc. Am. Soc. , continued 
anuary, 1928, Proceedings. 


t Asst. Prof., Civ. Eng., New York New York, N. Y. | lv 
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7 author’s explanation that difference in prescure bead equal he d a ey 
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_ ‘compared > with the velocity of delivery from each o one. The final 
interpretation by the author that these “drops” in n head should be deducted 


& 


d : from the normal static head at no flow to determine the bermHeness head puts 


‘would be more e effective and would give less ‘cause for. controversy. It 
F - substantial ‘contribution to the common store of knowledge, “however, if this 
seeming fact can be more thoroughly analyzed and more amply verified. . The 
writer does not find sufficient data i in the author’ ‘3 paper to analyze and verify 


i. the ‘ “new - theory” A certainly not ‘enough to ‘support the ‘contention that all 


Whether or not a centrifugal pump will a head — or; — os 
» of water | 


velocity "Producing welocity head closely approaching — and 
i a pressure head of —- register a 


head equivalent ‘dhe latter value; Pitot tube inserted through the 


rim against the stream would 1 ‘register. the sum of the two values, 
much of this last value is available for delivery depends on the losses neces- 
- - sarily following transformation of this high circumferential velocity into the 
velocity i in the system. For radial tip carefully designed and built, and 
We — with pump | awit designed to convert volute velocity gradually into discharge 


ipe velocity, xpected. 


ao In any case the energy ‘imparted to the water tol lift it and | to overcome a 


pump pipe > losses to and from the sudden changes in 
lute velocity wherever it occurred, bend and gate losses, the useful lift, and 


the work “done by the pump. ‘There 1 may be some question as” to the most 


accurate form in which the work done by the but, 


‘dan output. When all passages are open and water is | flowing smoothest, , more 
vi energy per pound will be delivered for the work put in than under any other 


{ 


condition. To reduce the flow it is | always necessary to close down on a gate 


im order to add friction or resistance to flow that the pump itself fails to 
= $4 Every pound of water delivered then has to lose the additional friction 


fica 
d purposely introduced by “the gate. . The apparent efficiency of a pump at 
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i a part, and the e ficiency curve by _— relative importance of gate friction to 
the whole. The author cites* an effective lift of ‘184, 6 ft. at 200 gal. per min. 
and | an effective lift of only 98 ft. for 800 gal. per 1 min. : For full range “a 
operation in in one setting, delivery head must be fixed at 98 ft. and for all” 
flows less than the maximum the gate must serve to provide, or 
indirectly, friction loss or waste | energy equivalent to the difference between — 
the § 98 ft. and the effective lift corresponding | to that discharge. For ==, 
in 1 order to ) reduce the flow - from 800 gal. per min. to 200 gal. p er min., _ the 

gate must be closed so that ¢ t every pound of water passing z will lose 36.6 ft. Ib. on 
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PAPERS. AND ) DISCUSSIONS 


-POWER APPRAISALS 


D. M. Am. Soc. 0. E. (by letter). $—There i is literally noth-— 


ing that has an intrinsic value. Ever na of gold if located in 
2 midst of a desert. has no value to its owner until marketability is assured. by 


a Certainly, a an undeveloped ¥ water ‘power has no value i inherent i in itself. ‘The - 

water p power is merely the supply and there must be a sufficient demand before _ at 

by there can be even a presumption of value. | ia Even then the water power would © 

have no value unless it could be profitably | developed. d. In ‘thoroughly | devel- Ea 
e 


= oped industrial sections there are many undeveloped water powers - which have 
value for the simple reason that ‘no profit. could be ‘derived from their 


~ development at the present. time or or at any ti time in the future as far as can be 


‘i _ The elements of value change materially with the development of industry re 


with “developments in the art of utilizing water power. some of 


high prices paid for water ] ‘pow ers in New 
Cu shman§ were for small 1 water powers built s several generations | ago on ‘sib 


str streams. In that of hydro- mechanical developments the small 

‘sy streams with | their inexpensive dam sites ‘just ‘suited the 1 needs of individual 
mills. Inj general, nobody wanted the water-power sites with their expensive _ 

dams on the 2 larger | streams and t these streams, therefore, had ‘20 value. To- day, 


the “development ‘of ‘the, prt will, again ‘make: economical, -devel- 


opment of small plants and the power sites on n the tributaries will | again have 
material value. It is the present value or, at most, the prospective value 


3 _  * Discussion on the paper by William H. Cushman, M. Am. Soc. C. E., continued from 


+ Hydr. Engr., U. G. I. Contr. Co., Philadelphia, Pa. 
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ON WATER-POWER _APPRAIS 

in the near future which the engineer charged with valuing a wae Satta Z 
Mr. Cushman evidently does not think very highly of the “Steam 
a Method” of valuing water powers. . Nevertheless, it is this ‘ “Steam — 


ympe Plant Method’ as it ‘is called 


Substitution | Method” or “Competing Steam 
by many, which, ‘the in conjunction with the “Capitalized Net Earnings | 


x Method” » is constantly used by ‘public utilities + to determine the — 

of purchasing « or yr developing water power sites. 
Mr. Cushman states* that, “the two blocks differently produced power 
are no equal and cannot be made equal”, ‘The writer believes that Mr. 


Cushman is the fact tha t the two. blocks of “power 


plant- This is on the position or on the load curve 
which the proposed hydro-ele electric plant is able to assume. 
In a usual ease a ‘power ywer company, because of the growth of its load is 
faced with the necessity of increasing its installed. capacity. It can ae 

add additional steam capacity or additional water capacity. A load study 


the | ‘system is made and load- duration curves are plotted. the same 


time a power- duration curve for the proposed hydro-electric plant i is | produced. 
From the load study it develops, perhaps, that the required additional capacity 


would have to operate, say, 20 hours during a peak- load week; in | other words, 


rom 
_power- -duration curve it is determined that, during time OP diakatidiae stream 


- flow, there is enough water available to ‘permit the hydro- -electric plant (w ith 
‘available pondage) at ‘the require 


the additional capacity. would operate at very low. load factor. From the 


‘capacity during these 20 


performs ‘same function as alternative | steam ‘plant, "The fact that 


the steam plant might additional energy during the 148 hours 


ae of ‘the week, when there i is n0 > demand for ‘this berracsh isa a 2 matter eet no inter- 


Thus, the power company must choose whether 


steam ‘plant is quite well established. figures are 
— 


applied as a yardstick to the proposed hydro-electric plant and if the cost of 


_ energy and capacity i is materially less than from the steam plant the construc: 
of the hydro- electric plant i is indicated as advisable. The capitalized ‘dif- 


- ference between the annual costs at the two plants may be tatkent as the ulti- : 


mate value of the undeveloped water-power site to the power company ; that is, 


for the power 
and en energy y from the hydro~ electric plant would cost. just, as ‘much: as the 


power and energy from the steam plant. _ Actually, the power company would : 
not buy the water-power site hoon it cost less” then this. For this awa 
* Proceedings, Am. Soc. Cc. E 
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woop ON WATER-POWER 


pm power company, must have a ‘pr ofit to compensate for ‘the additional uncer-— 


tainty of the cost of hydro- electric plants 2 as compared with steam plants ‘and 3 
because the capital investment required is” sually much greater for water 


"power than for mit of capacity. line. 3 


Daya M. Woon,* M. Am. Soc. C. E. (by letter). +—As long ago as 1912, 

EL P. Gillette, M. Am. Soe. C. E., presented a ‘comprehensive paper entitled — 

“The Appraisal of Water Power Rights”,$ amplifying another excellent con- 
tribution by Charles T. Main, M. Am. Soc. O. E, ‘entitled d “Computation of 

the Value of W ater Powers the Damages: Caused by the Diversion of 
‘Water Used for Power”. Other good papers 1 might well be mentioned, but 

“the foregoing appear to t the writer to be t the best st statements of ‘several 


By definition, valuation “the act of valuing” or “ostimating the worth 
price” appraisal is “the: wil of appraising or ‘putting a price upon with 
a view to sale”. In practice, the two terms are frequently intercon-_ 
Value and worth ordinarily apply to “purchase” or “sale ve value”, 
but there are » other values, ‘such as investment value, tax value, and value — 
a purposes. Therefore, because of this incompleteness i in the a 
“valuation” and * ‘appraisal”, it is recommended that the qualification . as to : 
purp pose be added, such a as “water power appraisals : for sale purposes” 
He : sale value is the purpose of the ‘ “valuation” or ‘ “appraisal”, it is not i. 
to go to the expense 0 of making an inventory and an appraisal 
of th the physical property, because sale vs value i is s usually best determined by ¢ ascer- 
er what the property will earn. When the appraisal is made in such 
ases it is rather. for the | purpose of determining the condition of the property ty h j : 
pe the amount of money necessary to restore it tof full service value. 
It would b be very helpful toh have available a reliable of actual sale 
‘prices of properties involving water rights, but most business 2 men do not 
desire to disclose. such data. If used properly, the report of the New Eng- 


Water Works Association, referred to in the paper, || is valuable as an 


q 
| 


ad 


index, and is the nearest approach toa. general compilation of past values 


The author’ 8 method of analyzing stream flow a and estimating power avail- sh 


. able should not pass unchallenged. . Several recent - papers rs indicate more ‘mod . 3 

a ag em methods. In March, 1916, the writer presented a paper in the Journal Se 

of the Boston Society of Civil Engineers, which several engineers discuseed 

‘the J une issue. Several subsequent papers on these matters have been pre- — 
sented . before the ‘Society; and recent textbooks have included -worth- while 
discussions. A Committee of the Boston Society of Civil Engineers, 
known as” the “Run-off Committee” A presented a report which was published 


Hydr. Engr., Stone & Webster, Inc., Boston, Mass. ali 
Engineering and Contracting, Vol. 38, p. 624, December 4, 1912. 


§ Journal, New England Water Works: -Assoc., Vol. 31, p. 213, September, and 
_ Transactions, Am. Soc. Mech. Engrs., Vol. 26, p. 68, 1905." Lo 
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ON WATER-POWER APPRAISALS __ 
li Mr. Cushman’s paper per unusual definitions are set up for “primary” a and 
_ “secondary” power. avoid confusion, it would preferable to use day 
load” and ‘night load”, or some other similar terms. so much already 


in 1 print, it is necessary ai wed to call attention to > the > shorteomings of of the 1 ‘Paper | 


thei rates charged affect the | gross earnings. Courts and commissions 
alike invariably, “object to any of. predicating value on gross earnings. 
‘Herein: lies the most confusing feature of ‘the paper, since market values of 


S power are predicated upon underlying veluce, including land and water rights 


- price of power, and any individual ‘plant should receive any benefit, or yr ‘con- 
« versely be penalized, from favorable or unfavorable factors of location, ,ete. 
on ite the writer there appears to be one, and only one, correct way of arriv-— 
Ke ing at a proper valuation of any water right. _ The first : step is to arrive at a 
value—not necessarily the ‘finally adopted value—by the method generally 
known as the “capitalized net savings when compared with the next available — 
source”. (Oceasionally, it is necessary to consider using the water power 
for an entirely different industry. p: The next available source of ; power may 
be e steam, central : station service, another hydro- electric plant, ‘ete. This value 
should always be called “the mi maximum limiting value”. It simply offers a 
yardstick or measuring device by which the finally adopted value can be 
: reached. In a sale this i is by barter and trade. In a tax case it is suggested 
that the procedure followed by local assessors, that is, fair pence of the \ 


maximum limiting value, can be taken by agreement. 
_ The author’s method is really a special ease under this general | statement, 
because, if the next available source is a public utilities power line, the cost” 


: of power purchase from that company—it might well be at wholesale rates— 
standard of comparison. In such a case, however, the annual 


n cost of interconnection and changes or additions 
ery to permit wu: using this form of power, must 


added to the purchase price for the power. 
Bik. Value is | never a fixed or certain amount for all time, but changes from = 


"time to to time with certain fundamental elements. Sometimes several different 
as of a n date can be « obtained by very reasonable variations in the 


at hydro-e electric Plants. urthermore, the author uses an average market 


difer somewhat ‘their opinions as to the of ‘same 


| 


ats General Principlea— “horse power” has a value power 


which it is a standard of measure ¢ can be ‘made i income- earning, just the same + 
as land located : ata as street intersection. ‘er % corner lot is. ‘more valuable on : 


ag account of its location than ‘the. lot adjoining, although of equal | area, , because a 
has greater st street frontage ‘al greater possibilities o: of development 
therefore, a greater earning ‘power. This possibility is the 


— 
— Pay 
— 
> 
Ea 
be 
— 
fixe 
34 
| or 
| the 
tio 
ing 
pre 
sal 
| 
of 
to 
opr 
— 
—rrequired at the point of 
— 
no 
| 
| 
— 
— 
— 
— 
a 


Papers. 


power site located iz in an an industrial center will always command | a a high value, 


— while the same site situated in the backwoods, miles from anywhere, might 


we | ‘The y principles for determining the value of a water right may be definitely 


‘hod but no set rules can be formulated which will be applicable to. all con- 


ditions and | situations. may be to = 


determining the value of property a public utility for rate- 
or other allied purpose, the public interest is directly and vitally concerned. 


Some Courts and commissions have held, in their decisions on rate- making 


or - capitalization, - that, in the case of such a natural resource as water power, 
x the public is entitled to at least some part of the benefit of the comparatively Pie cs 


_ cheap power from this source in return for its practically g uaranteed protec- oy 
tion of the public utility from all unjust or unreasonable dema nds, 
ing of the right of exercise of eminent domain, and the granting of practically 
monopolistic control of the market for the ‘output of the power station. \ 
On the other hand, valuation for the ‘purpose of purchase and 
property individuals or corporations is not to the 


same regulatory, control. The ‘seller is interested in securing g the full value 


of his property on the hesis of what it has been and is , expected to be worth 


to him as an income producer, while the purchaser it is governed by consider- 


ation of what the > property will: be worth to him as producing an a 


‘income. The price is usually reached through bargaining. This is the re 
reason why the capitalization of earning capacity is the only 


Proper method of valuation of a natural resource like water pow er. ‘The e per-— 


pee sonal equation is here’ present, as it is in all transfers: of industrial owner- 
ship, since people do not all think and this accordingly be recog- 
“nized in any disinterested appraisal. 


ee foregoing shows the necessity re a clear distinction between 0 owner- 


ship, subject only tot the general laws of the country and ownership subject 

eek: bat 

not only to the general laws, but also to the regulatory laws, of public com-— 
Valuation of water rights b t based on so- -called market value, depending for 

‘establishment on records of sales of similar property, cannot with 


degree of propriety be applied to a natural resource, unless checked by a con- 


“sideration of capitalized earning capacity. _ Such a check would be necessary ‘ 
to demonstrate that the sales for comparison were made at the actual face 
value of the property, and not at a price either above or below it, as has. often ee 


op -So- -called market value is ever changing as a a “result of the laws of | suppl ly oa 


Fake demand or competition, and i is subject to recurring periods of activity and 
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ON WATER-POWER APPRAISALS (Papers. 


While value for sales has in the dis n, that for other 
tems considered 
q 


in determining value. too, ‘valuations for are ‘more frequently 


made than for any other purpose, and this justifies | setting forth the p: prin- 
ciples: of such a valuation first and then | studying the necessary modifications y 


tio The U. S. Supreme Court has tuled (C. C. C. &St LR. R., vs. Backus, 


“The value of property results from the use to which it is put and varies” 
with the profitableness of that use, present and prospective, actual and | antici- 4 


= 
pated. ~The amount and profitable “character “ot such use determines the 


The value of a water pow er privilege m: may be treated | thiree general 
cases: Undeveloped water- -power site; (2) completely developed 


‘power site; and (8) partly developed water-pow: er site. 


Tis, Undeveloped Site—The owner of the site does not own the water, but 


; merely a right to use it in a reasonable manner without serious interference — 


— with the similar ‘Tights of others on the stream. aa (There are many 1 interesting 


questions and ‘situations involved in this simple | ‘statement and the 
2 scope of the 


“that ¢ can be developed. As the privilege stands 


earning, but it certainly has a future or speculative value. value is: 


by 


by considerations of geographic position, ‘relative location to ‘point 
oes. possible use, and future possibilities. On this latter point, ‘expert opinion 


= may vary, | and probably rightly 80, because men cannot be expected | to look 


= on futurity from the game viewpoint. The problem is similar to that of 
corner lots: may be on a street with good future prospect for improve- 


ment, while the other may not be so o favorably located. 
| 


Power can be be generated and transmitted long distances, and it is not 
| necessary to use ‘it at the point of generation. The cost of necessary tele 


_ mission, | however, reduces the value of the power site in some ratio ‘propor- 
tional to the distance. "Similarly, the location of 1 the site may be such. that 
‘cost of transporting ag the ra raw - finished product ts of the business, if 


- located directly at the site, may be ‘so great a as to make the water power uneco- 


and, therefore, valueless. The paper by Mr. Main, and the other 


pox previously cited, . furnish the general methods of procedure - to follow i 


: An ‘undeveloped site may fall under one of several classifications: _ 
—When the riparian lands, subject to submergence by the cons‘ 
give Yo 9 _ tion of the dam, are owned by several parties not necessarily in 


Under this condition, no complete development of 


“ee is possible and the value of the particular riparian rights, 

bearing their proportion of the value of the entire group, must 
_ be discounted to the extent that moneys must be spent to obtain 
of rights. 
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all the riparian —Jands have- under one 


ownership, making a complete development possible 


38.—When that consolidated ownership has also the financial ability 
: tad ‘resources to make the development, and the business ability a nd 
opportunity to create a market for the power, 


3 moe its demonstrated ¢ earning ‘capacity resulting either Bass the sale of pow er 


from advantageous use processes, as ; represented by. 
ith the cost of equivalent 4 
power from next t cheapest source or at another locality. a hous sto 


The, difference between the annual cost of a horse- power produced by a 


-water-wheel and by the next available cheapest source of 7} power, often. steam- 
f generated, is the saving due to the use of water power, and this sum, capital- __ 
4 ized at a fair rate of interest, will represent the maximum limiting value of © 


mt The size and character of the power to be e acquired from some other source ~ 
should | correspond to the power utilized, should be of a class suitable for 
“replacing the water power, and should be of an economical type. If trans- 


mission is required, or extra charges must be paid on account of a different b 


of the industry, proper allowances must be e included in the com- 
parison. The question of stream flow must be properly considered, and if 
“auxiliary s steam plant or ‘storage development is necessary proper allowance 


should be made. Each case must be treated by itself. 
determining value by “capitalization demonstrated or anticipated 


Seip earnings, or of actual or indicated saving, it is. necessary in computing © 
either profit or saving to ‘Tecognize- that it is not attributable in its entirety a 
the er-power right, but that a part of such profit or saving has been 


actually earned by the invested capital Tepresented by the cost of the dam, 


power building and equipment, and ‘transmission lines. 


ae te 


4 profit « or saving ‘should be considered as interest on n the pi capital | 4 
ry 


; investment, at the rate usually sought i in the particular - industry, and is prop- 
eibewsien from gross returns, together with other operating expenses, to 


Partly Developed Site. —In this case there may be two values to be com- — 


bined, determined as for each of the previous two et real value plus a. 
i; 


Worth of Developed vs. Undeveloped ‘Bite—A question. frequently raised 


*% s, “Are the lands and water rights worth as much at an undeveloped site as 
they are at a developed site”? The potential worth i is the same in either case, 


- but, as ‘suggested int the foregoing, future opportunities for earnings are not 


considered the same as the demonstrated earnings of a well-es established busi-_ 
One does not have, and the other has, a going concern value. The 
same development steps are ultimately. necessary to change the undeveloped 


a developed site. The enterprise 1 must be promoted, organized, ‘built, ‘and 


fe 
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essential difference in the two cases is _— item of “contingencies” 
a in = the sense of the unknown or unforeseeable factors that must be met ‘during 
the development stage. In the case of the developed site, these factors are 
usually” matter: of record, susceptible of and more valua- 
To alloy 


=: unit costs in the estimates for the sherman site, as well as a higher 
percentage allowance for contingencies. ¥ requently i in addition to that men- 


tioned, another - method is to use a higher capitalization rate for the unde- 


/ Provided no o factors have been omitted in the estimates, the differences i in 
warding the value of a particular site are largely due to dif- 


ferences in estimated unit and item costs, , contingency allowance, and capi- 


= ‘The net result is usually that a a developed site is considered to be more 
a valuable than an ‘undeveloped one. this connection, however, it should be 
‘ ~ remembered that advances i in the ne art of « engineering have rendered s some , old 


a plants: obsolete, and the cost of removal or alterations to modernize n may offset, 
ae the difference in riparian value between tl the developed and undeveloped site. 
| This i is reflected i in the comparative cost estimates or appraisals. 


rk Controlling Factors.—The p principal factors governing - the value of a water 


bia 1 The Characteristics of Rein Flow: The flow of no two rivers is 
identical. | No two power sites have the same available drainage area, ge0- 
— logical or topographical conditions, or precipitation and run-off conditions. A 


2- —The Power Head Available: Topographical conditions largely govern 
_ While the power theoretically i is directly proportional to the head avail- 


hy able, the cost of the development is not. _ There is no fixed cost relation be- 


a —tThe Stream-Flow Use: . One power development may require a steady 
= continuous flow day by day, while another. may need intermittent use and 
the creation of pondage to conserve water. The utilizable stream flow may 

come in such irregular manner as to require a storage dev elopment « or a relay 
= of some kind, which must be included in any comparison with power 


4-—The Cost of Development: ‘This is variable, ‘depending on, not only 
Anon and size, but material and labor costs, and other factors. 
—The Character of the Market: — ‘The “availability of a market for the 


“VET 


er produced; possibilities of increased use, of present and future compe 
“tition: the hours of use and variations in hourly, daily, and seasonal demand, 


Where a plant can develop a water power and utilize the 


Sem energy at less cost than it can | obtain a similar amount of - power and energy 


2 ie from other available sources, it is contended that the value of the water power 


ba zm to the industry may be gauged by capitalizing the net saving in comparison 
with such other sources, of “power. In the event that the manufacturing 
‘business is discontinued, the value of the water power “may then be deter- 


_ mined by consideration ota new use to which it can be 5 put. | Water rights, 
n th e latter « event anight have _— fraction of the ‘valuié' in the forme! 
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Inereased manufacturing ’ cost resulting. from locating at a water-power 


site, such as increased haulage, freight, higher labor costs, etc., shou 


a ‘The | maximum limiting value of water rights is is” obtained by using normal ain 


interest rates, insurance, taxes, and ‘similar items | and stream- flow 
- figures. On the other hand, a minimum limiting value may be obtained by _ 


“using a more conservative basis for the various estimates and the run- a : 

available i in the driest known year. Engineering experts: ft 

in their evaluation of these various factors. 


occasionally happens that a certain: manufacturing plant is 

where water ‘power may be ‘developed cheaply and where the cost. steam 
‘power or other next available source would be so excessive that a deficit on : 


the sale of manufactured } products would result with ‘the substituted power 

In such a case it would be futile to value the water rights on a full com- — 

parative basis, but rather it should be considered that the entire net profit 


cof the business capitalized represent the value of water rights. 
it should be noted that, if interest is. not included i in the annual oper ating Sn 
ee it is necessary to subtract the physical cost of the plant from the total 
lue obtained by capitalizing a n net saving when compared with aan 


| source of power, in order to obtain the value of land and water’ rights. 
On the other hand, if interest is included i in annual _ operating costs, the value — 


obtained is that ‘of "the land water rights. In either case, careful -con- 
sideration ‘should be given to ‘the elements which justify the selection of th 
4 


rate used i in capitalizing. The item of “cost of money” should be considered 
in particular. Some physical plant estimates include all overhead items ; 


4 others ‘do not; and this question largely influences the selection of the rate Ae 


of capitalization ¢ to be used. The author aby not at all clear ¥ the 


for which the appraisal is made affects” materially ‘tn « 

writer not claim ‘originality in the foregoing remarks, because 
has been obtained from the others and put together to 

his opinion that Mr. Cushman’s paper, only offers nothing new 
in principle, but makes statements and suggests methods which day a 


— not be considered as s good practice, or should be enlarged on in explanation, 


Davis,f M. Am. Soo. (by letter). §—The author dis- 
cusses several methods sometimes used i in the appraisal of water-power prop- 
; erties and calls. attention to some of the inconsistencies of the so- -ealled Sdn 
Substitutio: n Method. od It is claimed that the “Real Estate Sales Me thod”, 
- based on current and comparable sales of water- -power property, is unreliable, 


* Proceedings, Am. Soc. C. _E., October, 1927, Papers and Discussions, p. 1850. 
Abstracted in Engineering Record, Vol. 65, p. 174, February 17, 1912. 
 } Valuation Engr., Bureau of Intérnal Revenue, whe ‘S. Treasury Dept., Washington, D. C 


Received 2d by the January 9, 1928. 
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DAVIS on WATER- POWER APPRAISALS 
that. Capitalized Net Earnings Method”, as outlined by the author, 


will produce logical and consistent values if the factors are « correctly used. ' 
7 ve Ind discussing the Steam Substitution Method, it is very properly pointed | 


r out that a method of f valuation ‘that i is not in good repute. with ‘the Courts i is 


not available to the appraisal engineer. On the other hand, the Real Estate 
a ay ‘Sales Method is admittedly accorded full : attention by the Courts, and, there- 
fore, it would appear by the same ‘line of r reasoning that: it should some 


The reason assigned for the full eatin: given to the Real Estate Method 
i. the alleged disinclination of the Courts to study data of a “highly technical 


di d 
 nature.* it is believed that. the Courts have in many cases, accepted the 


= Real Estate Method as the most reliable basis of valuation offered ‘to. them i in 

lieu of other method involving calculations based on theoretical and uncertain. 
have often been involved and indefinite, 


been inv 
a> The writer agrees that the awards listed a tial report of 1 the New Eng- 


Water Works Association, ‘mentioned by the author,* have little 


value as. sales transactions 4 for several reasons, in addition to the one ‘men- 


ig 
tioned, he does not believe that these particular cases serve to the 


_ There are so “many varying: situations in a water-power development with 


“respect to quantity o: of power, its ¢ constancy, ‘reliability, location, and avail- 7 
for different uses, that it is believed unsafe to apply any general 


or formula for the appraisal of all such properties. s. The author advocates a 


oa of capitalizing the estimated hypothetical net earnings under the 
assumption that the power ‘sold at current market rates. assumes 
~ something g that would have ‘to be proved in ‘each case and whieh is ‘probably 
not true in most cases, namely, that a _ market exists for exactly the block of 
power available, subject to the limitations and u uncertainty of the ‘output 
; be from a water-power plant. Ih order to produce a salable block of 1 power there 
_ would be required in many situations a steam auxiliary, or « other source of 


_ reserve power, and transmission lines to reach a market assumed to ‘exist. As 
= matter 0 of fact, single water-power plants in the United States, with a on 


in the ‘selling of energy under the: standard forms of contracts. 

a water power, either mechanically or electrically developed, is an 
oil i tegral part of a ‘manufacturing operation, it should not ordinarily be sep- 

arated from the other. component parts of the operation and assigned 


separate value. Some industrial ‘processes require cheap power. a 


dition would ‘frequently : result i in increasing the value of one part of the prop- 


-erty— —the water power—at the expense of the - remaining part. _ The value of 
the part remaining might be practically destroyed in case the industry could 


_ not operate at a profit when forced to b buy power at the current market 1 rates: 
‘used i in measuring the value of the water power. aa market values" are estab- 


e ‘Hished at all, it is believed they are more likely to o be indicated in the partic. 
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« 


ies rather than by an estimate of ea earnings that —_— be made if the 
“pow er had been used in some other kind of business. 

market r rates for electric e energy in many localities reflect to 
extent ‘and are often predicated entirely upon the cost of steam- -generated 


The method recommended would in effect: introduce and apply, by 


tion the author has very tal 

it is not contended that the Real Estate Method ‘should be a 
one - simply because it is looked u upon with favor by ‘the Courts, but that in 
om most | cases it should not i ignored and should be considered along with ; all 


bearing on it is believed should be considered, are: ‘The 


actual cost of developing the and the date of its development; (2) the 


“¢ures; (4) accrued ‘depreciation ; (5) the availability and cost of ‘similar sites 
= in the same territory and the cost of developing them; (6) the actual earn- Bd 
- ings in cases where power is developed and sold; 7 ) the actual earnings in ; 

the business or industrial operation where the water “power is a component 
_ part of the plant and property utilized in the industry; (8) stream-flow char- 


at the ‘site; amount of primary and ‘secondary er available 


development of similar propertiee; and (42) rentals of water pows i” 
and other ‘subjects are all ‘proper matters for consideration by the appraisal 
Sg engineer. Iti is believed to be impossible to lay down any formula or ‘method — 
me _ applicable to all cases for the valuation of a water power, except that of care-- 
fully” weighing all the facts in each particular ¢ case and determining the a 
q = of those facts, and _ the exercise of good vere Ww hat a Property i 7 
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PAPERS AND DISCUSSIONS 


This val not for any statement or opinion expressed 


By R. L. Vaucun, Assoc. Am. Soo. OE 

L. Assoc. Am. Soc. ©, E. letter). +—Under the con- 


ditions outlined in this clear and interesting paper, any one experience 
| } problems « of this kind would probably agree that the most promising line of | 


endeavor would be by dredging. _ ‘Training works appear 1 to be almost out of of 


the question: : First, on account of their magnitude and cost ; second, 
construction difficulties ; and, third, because of doubts concerning their q 


efficacy and 1 permanence. Quite often under such h circumstances jetties merely 
the problem a Tittle farther seaward, 80 that, with improved 


on n dredges to create and maintain “channels over, ‘ocean bars, 
cs Hydraulic hopper dredges are best adapted to a sandy sacl ie 


a silts, from 5 to 1 10 yd. are oft often setieal-seahien. for every yard retained 


in ‘the hoppers. _ The net results on the channel will be - excellent , however, 
_ provided there i is a current to carry away the material thus placed in suspen- — 


sion. Using a certain special type of suction head, remarkably satisfactory 

Tesults have been obtained in moderately stiff mud. d. Where the d distance e 
dumping grounds” has been relatively. short, costs as low as $0.03 per 


cu. yd. (hopper measurement) have been achieved, this being exclusive 


_ With anything approaching a moderately stiff clay, ‘so far as the 


aware, ‘drag “suction equipment has been a miserable failure. hardly 
possible, in a location consisting of shifting mud flats, that there 
should be any trouble from this source. However, the material is described 


as being very firm, although it cannot be classed as a real clay. It is further ~ ey 


¥ 
that considerable resistance is presented to grab or bucket 

Discussion on the ‘paper by H. von ‘Heidenstam, Am. Soe. 


Received by the Secretary, December 20, 1927. 
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first-class dredge is capable of ‘excavating very hard ‘material. Any 
2 substance which presents a marked resistance to such a tool might: well pone a 


impossible for a dra suction, = 


There seems cat least ay possibility that the pipe- line dredge has been dis- 


without giving it sufficient consideration. outstanding hjection 


a Pe the use of such | equipment in the present instance is the exposure to rough 7 
water. Iti is quite true that a pipeline dredge could not be he; in such 


__ Another difficulty would be with the pipe line itself, which would need to. : 


be of special and rugged design. S So far as the writer knows, no equipment 

_— which would | exactly meet the present condition has ever been built, for the 

. “jae that it would be quite expensive and that there was little or or no demand — 


‘= it; but there is no evident difficulty that could not be overcome. Ree 
_ The author st states and the writer agrees that, ot other things | being equal, 
such a tool would be. preferable. One important. possibility i is that the 
“material, if it is anywhere 1 near as stiff and sticky | as the description indicates, 
would pile up at the end of the-pipe line to a considerable extent, thus forming a 
— bank alongside the channel. © Such a bank would be subject to a attack by 
wave action, but, nevertheless, it would remain a very , distinct shoal , and tend 
perform the function of a training wall, for a considerable period. 
Te One of the great advantages of a pipe- -line dredge is that when it is. working : 


a all it is working continuously. Except when interrupted by serious storms, 
properly designed plant under the given conditions should be able to work 


@ | 


oO 


= 

‘of the time the if should be | loss of 
due to rough time “could be used for plant repairs 

about 5 200 pre! teil ut by, OF OL of 

dredge of the characteristics 1 required could easily be 

rl ‘to have a capacity of 4 000 cu. yd. Per hour, giving a capacity of 20 000 “i 
cu yd. year. Such output may appear fantastic to one ‘not. familiar 
with the latest developments i1 in plant of this kind, but it is not much beyond — 


the range of the writer’ ~ own personal | experience. For instance, he has Sine 


a 000 cu. yd. per hour pumped through 1500 ft. of floating 292- -in. pipe line, 
_ the material being a mixture of 60% stiff mud and wi broken oyster shells, 


4 ad about 1200 h. p. (900 iow.) ‘on the pump shaft. ot 
vi _ Even should the capacity be grossly over- -estimated, due to lack of fan i a 
arity with the material and the local | conditions, still two such units would 
be able to greatly exceed this annual output, if they be used 
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‘should not exceed $50 000 per month. These « 
“gradually throughout its entire. length. OF ¢ course, there 


pumped as would be the case a hopper 
Many ‘Practical | details of such a dredging plant would | require special 
es for solution. One of the most important elements would be the pipe 
line and the method of controlling it. The Tine should have as little excess 
buoyancy as possible, as one with a large excess of flotation w would pound 
itself to pieces ir in a a seaway. The effect of the | strong | currents on the floating — : 
line should also be carefully considered; likewise the method of holding | and _ 
"moving Doubtless some of the floats would go aground on the spoil- bank, 
but with the large range e of tide the line should float at high - water and could : 
be shifted ahead at that time. The moorings to hold a large dredge on a mud > 
flat should be given special consideration; ; likewise means for shifting—_ 


always remembering that these operations must be carried on _Tegularly in 


4 the cutter, swinging auxiliaries. el 
~The writer has been encouraged advance his present. suggestion by 


consideration of. the depths of water that: seem to “exist the vicinity. 
4 greater part of te area over which it is ‘desired to ‘dredge appears” to be 
protected somewhat by a rather extensive stretch of comparatively shallow 
water to seaward. Under | such conditions a very nasty choppy sea may exist, 
rs one quite dangerous to small craft, but different from the heavy destructiv 
surf which. ‘may encountered there is deep water in the immediate 
vicinity of a shoal. there should exist in the locality in question the 
& _ heavy breaking seas to be found at times in such places as San Francisco 
Bar, Eureka | Bar, or Humboldt Bar, -on the Pacific Coast, for instance, then — 


sal a highly mobile plant, s such as a self-propelled hopper dredge, can be 


considered. It might be that a combination of the two tools w would give the 


Ay 


best ‘solution, a as self-propelled dredge for use the o outer pai part of the 

where the exposure is greatest, and a pipe -Jine machine for use farther in 

Sg In an any case the pivot of a typhoon is an entirely different matter. ‘The 

_ approach « of such a storm can be detected, and retirement of all plant eae 
made to the most sheltered spot within reach. This would necessitate the 


___VAUGHN ON THE GREAT YANGTZE BAR 
: ed ndits 
problem. Certainly, also, a part of the material pumped would fi 
| 
— 
— 
| 
ta 
— 
B q use of anything but oil fuel. It is suggested that, for power, first consi ote ie a 
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*" § No dredge that the writer can imagine could successfully ride out a typ oon 
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AMERICAN § 


AND DISCUSSION 


this | Society ‘not for any statement made or opinion 


«SIDE SPILLWAYS FOR REGULATING 


DIVERSION CA CANALS 


Epwaro S. Linprey, M. Am. Soc. 


at a of 3.82 for ‘the section on Fig. «6. ‘This is 
_ probably about ‘the 1 maximum value of coefficient that it is possible to realize, 


as long as no negative p pressures are induced at the control section; but te: 
made by the writer|| indicate that that value i is likely to be realized. re bo Me 


the formulas and calculations of 2,4 the measures = 
“ead easing velocity down to the center 0 of he orifice. That is the text- 


air all ‘round it; but a different solution, applies when the height of orifice 
is not small relative to its” ‘submersion uy up ‘stream, and when down- -stream 
water i is above its bottom. Where, as here, side and bottom contractions 


"completely. suppressed, ‘and the jet from 1 the orifice is supported | on n the s sides 


and bottom, Bernouilli’s theorem ¢ gives a a simple rational so elemen- 


* This discussion (ot the W. R. Nimmo, ‘Assoc. M. Am. § Soc. C. pul C. 
lished in October, 1927, Proceedings, but not presented at any meeting) is printed in Pro- 


Ceedings, in order that views expressed may be brought before all members for further 


+ Executive Engr., Indi Public Works Dept., Panjab Irrig. Branch, London, 


Am. Soc. C. E., October, 1927, Papers: and Discussions, P. 1880. 
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e simplest case ‘is that of a bellmouthed orifice with to unity. 


_ The writer has confirmed it in tests of a 6 by 3- in. orifice, under heads up to 
about 2.5 ft. Plotting the squares of discharges against the up- gscatiangng 


i 


the le level the top of the orifice; the bellmouth used had a c, of 0.975 over 


In the sluices of ‘the J Assuan Dam* there is contraction, and Pa aime with 


gate-o' opening, at any rate when the slightly  belled tunnel opening comes 
play with bigger openings. Discharge | from the tunnels being freely into” 

air, the head was measured to. the center of the orifice, a as in textbooks , and 

the resulting coefficient was found to with the head. the writer’s 2 

suggestion the rational formula was applied to the data, when the coefficient t 

found to be independent of the head, and the top contraction was 

AD 
es as in the observations given by the author, the height of orifice © lap 

is greater than the critical depth of flow Ww, , and probably also where it is 
i a little less than that depth, conditions are uncertain; they are even probably 2 ae 
The observations are too few for analysis ; and it would seem that they 
full and certain enough to make analysis worth Ww hile. The a author 

has measured his d, at t the up-stream face of the gate, including t banking 0, ahs 

and has still ‘taken the whole velocity of approach into account. Velocities. 


‘3 were so high that the difference betw een h, and — - would be appreciable. bod pam 


ripe 

of Proceedings, Inst. C. E., Vol. CCXVI (1922-23), pp. 
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PAPERS: AND DISCUSSIONS 

This “Society is not “responsible for any statement made or opinion 


S 


ADVANCES IN IN WATERWAYS EX GINEERING 


y Messrs. ‘Hau, ann De Wirt D. Bartow. 


Haut M. Am. Soc. C. E. (by letter).4—The made what 
pe toa survey of standard river and harbor practice. The special type 
of Mississippi ‘River dredge described§ | is not, and cannot be, used > on the ‘a 


‘Upper Mississippi. The dredge used there is a pipe- line dredge, without cut- ss | 
and without p ropulsion machinery, and was first introdu iced 1899. 


The dredge i is held by spuds, the position of the suction pipe being controlled — 


a catamaran,§ moved by a swinging engine. The accordion type of joint, 


| 
“originally used, has now been replaced t by a ball joint. . The normal cut of. 


the dredge i is 80 to 100 ft. in width. igh 


Upper Mississippi type of, ‘used not only for obtaining 


requisite ‘channel. de pths, but also for securing material for wing- -dams, 


two purposes being combined whenever possible. The “sand dams” were first 


developed during the season, of 1911. They are built out from shore, and 
usually ‘are completed only to the 


elevation of low water. They are then 
capped by the ordinary brush mat mattress with rock ‘cover. The sand dam is 


‘such an economical type of construction that, , when dredges are available, it 
crit’ 
has almost « entirely replaced the > brush and rock dam along” the Upper Miss- 
except in stretches where the slope is abnormally steep. 


em *This discussion (of the paper by W. M. Black, M, Am, Soc. C. E., presented at the — 
aw of the Waterways Division, Philadelphia, Pa., October 8, 1926, "and published in 
(Petober, 1927, Proceedings), is printed in Proceedings in order that the views e xpressed may 

be brought before all members for further discussion. 
Major, Corps of Engrs., U. S. A., Rock Island, Ill. ara Hort ody 


Proceedings, Am. Soc. C. E., October, 1927, Papers and Discussions, pp. 1943- 194 
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Wirt D. Bartow, * Assoc. Soo. C letter). +This very 
interesting paper contains two tables of costs, which the writer thinks = 
likely’ to create ‘unless they are further e explained. 
Table 2} gives the average performance of ‘Government- owned “Hydraulic 
Piped Line > Dredges, Cutter Type” during ‘the 1928, 1994, and 1925, and 
Big the costs as 8. 32, 8.48 and 7.44 ‘cents, respectively. nee 
_ Table 3§ (“Performance of Hydraulic Pipe Line Dredges Working Under 
ontract”), gives the average price per cubic yard for the years 1923, 1924, 
and 1925, as 20.99, 21.8, and 19.9 cents, respectively. | While th the casual reader . 
might draw | the inference that the cost of hydraulic dredging ‘under contract 
’ % vastly greater than that done by Government plant, this is not the case. 
In | the first place, it will be noted that’ the total yardage on which he 
‘Seen figures of ‘approximately 8 cents are based, is about 1 500 000. 
yd. per year, a very 1 trifling amount; whereas: the contract yardages, from 


which the average prices are obtained, , vary between. 13, 800 000 and 25 000 000° 
gd year. So there is no reason to’ suppose e that there is any 


ah - the following oe a The contract prices represent the total cost to the 
vu nited States of performing the amount of f useful dredging done. _ The writer 
ses the words. “yseful dredging” advisedly. Contracts are let by the United 
States: for the excavation of | channels of fixed widths and depths, and with 

certain fi fixed side slopes. The contract instrument provides | that no payment 

; will be made to the contractor for any work done outside the lines of the 
= "desired | improvement. i The contractor is required, however, to clear | those lines, 

- that j is, » to remove all material from within them. . To accomplish that end, it 

= necessary to remove very large quantities of material from without the | pre-_ 


scribed sections. This is ‘called ‘ ‘no pay overdepth.” It very often happens 


a that in order to be paid for 1 000 000 yd. of excavation the contractor must 
| remove 1500000 yd., or even 2000000 yd. 


% 3 In the computation of costs of operating by Government plant, no fe 


‘is taken’ of the amount of of useful dredging performed. ‘The amount of of 
date yardage set down as excavated is all of the yards removed by the dredge 


of where they were. ‘Even this. determination is made with 


the most trifling regard for ‘accuracy. a Sometimes the daily reports of the 
aa Ma dredge captains are taken, which are no more than guesses, and are not likely 
ye ‘The Government cost figures a are obtained by dividing certain expenditures 
4 
by the yardage thus determined. ‘The expenditures. themselves, however, do 


i not include all, or nearly all, the cost to the United States of doing the work. 


‘They ‘never: include plant ‘rental, that i is, interest ‘depreciation on 
Rh investment, ' which is a very considerable item; nor insurance (fire, marine, 


ae * Pres. and Director, Atlantic, Gulf & Pacific Co. , New York, N. Y. 
t Received by the Secretary, November 11, 1927. 
=: Proceedings, Am. Soc. C. E., October, seaeet Papers and Discussions, p. 
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and lability); “include | any of the costs of ‘idle 4a 
“When the United ‘States rents its hydraulic pipe-line dredges to private 
parties, i it charges 0.1% “per day of the first t cost of the plant for —_ - 
that figure having ; been determined after a ¢ careful study of. their real cost 
experience. ‘That being the ease, it is obvious that a dredge that costs 
be $1 000 000 has fixed charges Tunning against it in the peice of $1 000 per 
day, no account of which is taken in determining - the nominal cost of Gov- ; 
— operations. | The: upshot of the whole matter is, therefore, that the 
8-cent costs are only costs in a very special sense. quite mean- 


ingles, unless one > happens to know the formula. order to compare these 


“continues to add | to the the ‘numerator and to subtract from the denominator. 
‘The writer can see no harm in 1 keeping an and publishing ‘such nominal costs 
as the correlative circumstances controlling them are” published o 


generally known, The difficulty is that they are not generally known aa : 
these data, which may be useful in the War | Department, for Purposes of 


the nominal one. what happens to a fraction one 


ie 
in an to mislead, although ‘there no ‘intention 
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rd 


Disecussion* 
thes Messrs. R. H. anyp W. H. Hatsey bate 


REI Ranpaut,t Assoc. M. Am. Soc. C. E like to add 
‘awordindefense of the ground map. 


= 
‘. _ Referring to the relative value of air and ground methods, | there i is now a = 


“certain type ¢ of map that is | different from the hydro- electric map or ‘the trans- 


mission ‘map, even though it may be plotted on the same scale. (Ee: the kind a4 ; 
a map required i in sanitary district work outside of cities, commonly « on some 


- such scale as 400 ft. to . the inch, where the land is worth ‘several hundred or 
“several thousand dollars per acre, it pays to have all the planimetri¢ er » 


> oul Maps of that kind carry from five to twenty- five, or more, stadia eae js 


gah: -*iper acre, and the topographer, if he is honest, neither overlooks any part of the ‘i ‘ii 


- 
= terrain for which hei is responsible, nor can he possibly miss the location of any j A 


prominent ‘object. It is not fair to base any comparison of air and ground | 
‘Eda maps on the ‘gequmnption that ground mapping is done with the chance of over-— 
a point that was brought out by Professor a ohnston and, also by some of | 


“4 the discussors, is the great need for control. — Of course, it is desirable to have a 
»: all monuments set exactly where they should be, t to be as free as possible from . 
interference, but the absolute importance of “preserving them diminishes ‘if 2 


they have been -ordinated and joined to a controlling survey 
If triangulation and t DLN were extended to the point that seems logical, 


one of the instrument manufacturers in this country now 
turns out a ‘theodolite with that permit of daylight observa- 
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tion of Polaris, w which still | further redu r reduces the ‘difficulty i in an orig- 


_ The State of Florida has no adequate level. datum. . It is | impossible to run 


y precise levels any place in n the southern or ‘central ‘part of the State, because 


no controlling system of bench -marks has been established by the Federal 


urgent n need for levels th Is there. The « country is is flat, and there is every reason 
oe all the ‘engineering that is going on should be tied in to precise elevations. ; 
> ‘The: cities and other political divisions, and private projects must suffer for 


ik or 2 years, perhaps, before they can even aaah to get the level data they 


aia counties, ‘there ¢ does not yet | seem to be ‘sufficient appreciation ail support 


and the U. Ss. 8. Geological under the Temple Bill have been 
chiefly through lack of Federal and State appropriations. ‘The fur-— 
therance of the vitally important work of these two ES agencies of the 


ALSEY,* * Ass00. M. Am. Soo. C. E.—Attention has been called to 


the e standardization of tapes. This i is certainly important. An engineer cannot | 

Bpetere a sarvey with confidence after a period of years unless. it was measured ~ 

accurately in the first Place. Monuments will become displaced from their 
we > 


‘original positions by a variety of causes, by frost. action, by the acts of man, 


by decay, in fact, by variety of accidents which should not be allowed to 
happen to property monuments, 
Since 1920 a few members of the ‘Nassau- Suffolk (N. Y.) Civil 
ae “Association have been making a drive to secure effective standardization of 
surveying tapes. Permission has been obtained from the County Boards of 
Nassau and Suffolk to establish a bench standard in the basement of each 
a Court House where there is little temperature change. It is proposed to place, 
8 the concrete floor, bronze plugs at 0, 25, 50, 7 5, and 100 ft., so that if 1 there - - 
is an error in a tape its amount and the quarter of the tape in which it occurs 
ean be determined. The speaker has found from experience that a bend or 


repair i is the principal source of change in 


This summer (1927), the speaker made a survey abode: of 
ou ‘ocean and bay frontage in Southern New Jers ersey. The ‘Sigtingl! survey, cover- 
ing all or part of the tract, was made by magnetic meridian about 1741. — 
" ihe point of beginning was ‘then a monument set at the intersection of the { 
center line of | an unmonumented avenue and an “unopened street. The tract ; 


was” bounded on three sides water. When the survey was 
yu a request st to the ‘Coast and 


Geodetic Survey, the S. Bureau of Commerce and Navigation, 
have the old Government triangulation re- established. The triangulation 


oof the U. 8. Coast an and Geodetic Survey i in that 1 —— had been established 
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about 1878, but all points nearer than eleven miles to’ the ey covered by 


speaker’s survey had been destroyed or lost. During the relocation of 
the old triangulation, three stations “were ldeated on the property which the 
speaker was surveying, one of them being on north boundary. The loca- 
tion of this ‘station on the boundary does not, of course, affect the old 
legal ‘record, but does “a monumented line which w will become 


part of the new reco rd. a fact that if all monuments 


any ‘competent engineer ‘can go over on the stable ground on he ‘opposite ‘side 
- of the Bay and from triangulation stations in that region relocate any part of 
p. = boundary of this property with an error of not ‘more than a few inches. 
{ _ The soo sooner surveyors adopt the principle « of 1 running - all property surveys 7 
/ on rectilinear co-ordinates based on the true meridian and the National datum - 
as established by the U. S. . Coast | and Geodetic Survey, the better it will be _ ; 
for the p public and for the engineer. er. This applies. not only to the property 
su — of cities and towns, but also to townships and country places. 
ox With reference to the adoption of rectilinear co-ordinates, it is a very — 
8 simple matter to > deduce them from the spheroidal co-ordinates | of Gove ernment — 
triangulation on. The U. S. Coast and Geodetic Survey has a publication which 
describes how this may be done, or at a nominal cost that Bureau will a 
the: computation for a city or State. t is probably not permitted to do 


should be established the true as established by 


never ey. It is 
“more true > meridian ix in the but in end 
it is much cheaper for the client because when the survey is finished any 


‘competent engineer can relocate it very easily, especially if it | is tied risa ’ 


Government organizations ‘executing triangulation of “equal: 
based on the North American datum. 
In the fall of 1925 at Montauk, | speaker er had occasion to resurvey 
tract « of about 12000 acres from which | 108 ‘different parcels had been sold 
various: times. . The original surv survey and each later ‘separate “survey had 
eens tied by azimuth and distance into the triangulation of the U. ‘S. Coast Pit 


a Geodetic Survey. These surveys: were completed i in n about £ four ‘months. 
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‘This Society is not for a any statement or 


SA} 30 AQUIN VALLE Y, CALIFORNIA 


By] Messrs. Rosert AND Haroip K. Fox 


M. Am. Soo. E. (by letter). +—The author states 
a pees, to a certain elevation, ranging from. 4.000 to 6 000 ft., precipita . 

increases s with — but higher than that, it t decreases slowly | to ne summit. 


Divide in Northern Colorado, on both 
ite. 
8 


These records are sunimarized in ‘Table 


with one station at the summit. 
‘TABLE —PRECIPITATION Recorps OF or N RTHERN Covonano, 


Length of record, 
in years. 


& East Longs Peak (near) .. 
10 

The second et are located near a section ‘extending from | Colorado Springs 


summit of Pike’s Peak (Table 7). pas 


the base of the mountains to the 


*This discussion (of the paper by Oren Reed, Jun. Am. Soc. 
ovember, 1927, Proceedings, but not presented at any meeting) is printed in ‘Proceedings ‘gual 


= 
order that the views expressed may be brought _ before all members for ee discussion. — 


in 


AMERIC 
— 
— 
surnmit is not applicable to the Rocky Mountain region is shown by precipitae § 
records in Colorado, so situated as to be comparable 
— 
— 
— 
“pet 


Elevation, Mean precipitation, 


in feet. ininches. 


> 


4 


ar | 


Glen Eyre 16.15 
_ Fremont Experiment Station 22.79 
Lake Moraine 24.98 
Peak. 


E> _— a casual ‘comparison of of the 1 two s sets will show that t elevation is not 
the only factor i in determining the amount of precipitation, since that on 


ea Pike’ s Peak at 14 107 ft. is less than the precipitation at 9 600 ft. o mn the Con- | 


AG Harotp K. M M. Am. Soc. C. E. (by letter). ¢—The water records | of 


California ‘streams do not cover long periods. The best and oldest records 


A: have been taken at points ; where the streams enter the valleys (usually above 
: irrigation intakes), and were primarily established for purposes of irrigation. 


= In investigating ‘power resources, the several branches and tributaries in the 


gh altitudes are the points of it is r recently that records 


ie have been obtained on such streams. A large part of these records are less than — 


“a Sap ‘ ten years sold and, since 2 the past ten years h have been ‘somewhat under normal in > 


precipitation, it is necessary to ‘combine these, records with those of longer 
duration on the main stream and to compare one river with another. soil 


7 ‘The rapid development of power has s necessitated exhaustive s studies of 
water resources and flood flow. The writer has a close personal knowledge of 


that 
hopes 1 that it will be a as s beneficial to ‘others who 1 may have o occasion to: use it 4 
by 


a as it has been to those who ‘developed the Kings River Project « of the San 
a oaquin J Light and Power Corporation. On this project it was necessary to 
; fe locate the first power house i in a very narrow and deep canyon, and one of the 


finds that his ‘method has been changed i in ‘certain details. ‘The primary 
ee data are now used to determine one relation curve, which is called the “geo- 


graphical location” curve. - The location of a drainage area in relation to the ; 


path of cyclonic storms is of primary importance in this section of California. wt 
‘The relation of average elevations and size of drainage area are, ‘hin: 2 
Press’ important. _ Referring to to Fig. 3,8 it v will be noted that the elevation of 


_ Maximum precipitation from the normal storm is about 6000 ‘ft t. for Kings 


_ ‘River. Storms which produce the highest run- off on the Kings River occur 
ind J anuary and February. At this season precipitation on the upper part of 


the -water- shed is in the form of snow and contributes only a small run-off. | Mf 


* Water Supply Paper 500-C, U. S. Geological Survey, p. 69. 


Supt. of Constr., San & Power Corporation, Calif. 
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Paper) 1 FOX ON DISCHARGE IN SAN JOAQUIN VALLEY, ‘CALIF. 
Above im: the mean | monthly temperature is below 80° Fahr., in 


ait 


anuary and February. During some days of these months the temperature 
_ would be above freezing, but the contribution to the run-off would be slight. 
Thus, the effective | area would be much reduced. ‘The effective area of the 


‘Kings River above Sanger would be about 900 sq. miles instead of 1740 — 


The mean elevation of the effective area then The various 


streams will then be compared with ‘respect t to the relative location of the 
‘mean elevation of their ‘effective areas. is. If the mean elevation coincides with 
point of maximum precipitation, it will have a factor r of i; On the 


other hand, if it falls above or below the « elevation of peak precipitation, ‘the 


i teten will be suitably lowered. In this manner, factors will be obtained for sie 
« observation that a stream of small tributary area will have a higher 


run-off p per square mile than a a large | stream from a storm of given intensity 
has been the basis of many flood formulas. The effective area at the time of. 
- maximum flood. expectancy should ¢ again be used. In order to eliminate the 
effect of difference in ‘precipitation, only four streams will be used i in deter- 
mining this curve—the Kings, Kaweah, San d J oaquin, and “Merced Rivers. 2 = 
by In February, 1927, a storm occurred on the Kings River which produced a a 
run-off of high intensity. : The locus of the storm was over a relatively small — 
“1 area about five miles west of the junction of the North Fork with the main y 
stream, or about eight miles from Balch ‘Camp. The area had been burned 
over by a forest fire during the previous July. . Periods of moderate rainfall | 
. of the main storm, which was of cloudburst intensity. Each small 
watercourse became a torrent and, since there was no. grass or or underbrush 
hold the soil, erosion was very severe. Each watercourse became a gully, 
. and boulders ‘(many 10 ft. in diameter) were ¥ washed down, filling the channel | ay 
of Kings River and forming pools” of slack water. 7 These dams sustained the 
flow very well and are only now being leveled down. 
_ _ The gauge at Piedra showed a peak discharge from th this : storm of | 


—2000 cu. ft. per sec. conservative estimate of the -off from the main 
storm area is 10000 cu. ft. per “sec. from an area of ‘approximately 100 
4. miles. This ‘storm area was in the foothills, where there are moderate | ba 
‘Tt is not naeiiliin that at some future date the locus of a similar storm a 
£ will | be ¢ over the North Fork area, where th the run-off would be even more rapid, — 
due to the steeper slopes and less cover. ‘If that should happen, ar run- -off 
25.000 sec-ft. (or 101.5 cu. ft. per sec. per. ‘sq. mile) is entirely ‘possible. 
3 


— of this intensity will probably never occur before December, when © the 


was not high; the of the North Fork at Balch ‘about 


upper water-shed would contribute little ‘to the flow. The run-~ -off from the 
wae area might 1 then be 150 « cu. ft. per see. p per sq. mile. 
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THE OF F OUNDATIONS—ITS PRESENT 


GEORGE PAASWELL, C. C.. 
Paaswent,t M. Am. Soc. C. E. (by letter).{—In the writer’s opin-— 


author has done more for foundation practice than any other 
man or committee in the entire history of earthwork practice. An unusual 

‘combination of keen sci ntifie and 1 mathematical training, with an abundance * : 

of practical « experience as a consulting and contracting engineer, has enabled 


Professor to make co contact actual at every stage of his 
The paper, being in ‘the omitted 
vit ital points which bear on foundation practice as well as the type of 
laboratory. and field tests which supplied the data - for the ‘theory developed. 
q _ The paper must be a great disappointment to engineers who look for a simple 
wee rule- of- -thumb n notes | to embrace all foundation ‘practice. It is no 
_ mean accomplishment of “the ‘author that he has demonstrated the fact that _ 
design ¢ and construction is as exacting in analysis and as worthy 
of ‘study, as the design of the structures resting on these foundations. 
The essential difference between superstructure and sub- surface design 
that one may fit the materials to the design of the former; one must fit ‘the aa 
design to the materials of the latter. The ‘engineer: cannot fit a foundation 
a ‘rigid set of formulas. — The ‘material must be studied i in the site and the “a 
foundation must be fitted exactly to it. code set of bearing values is 
more: than worthless; it is dangerous. The author has illustrated this point 


well. Settlement in a has been viewed as an unfortunate 
unavoidable concomitant of foundation -eonstruction ; such 


* Discussion on the paper | by Am. Soc. 
4 * ot bere 
Received by the Secretary, November 15, 1927. 
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PAASWELL ON THE SCIENCE OF FOUNDATIONS 


"settlement is as inevitable as the deflections and distortions of the 


structure. Provision must be made for them. makes it necessary to 
formulate 1 means to determine foundation distortions. _ The author has briefly 


how such studies may be 


a The study of | soils has indicated that two broad soil _ types exist: (1) T Those _ 
in which the usual stresses of elastic solids are found, ‘modified, of course by — 
proper: elastic coefficients; an nd (2), those in which hydro-mechanical stresses 


set up. . Both types: can be ‘uniquely identified by sample tests, for com- 
- position and loading, but neither can be safely. described by grain size or mois-— 
ture contents alone. The author’s striking experiment on sand and mica mix-| 


™m 


classification. ‘He has put to rest also the colloid ‘theory as the basis of 


" *u In his paper entitled “Transmission of Pressure Through Solids and Soils 

and the Related Engineering Phenomena”,* the writer xr attempted an analysis 


of stress” ‘distribution through soils and found that certain characteristic 
failure surfaces existed, similar in wee those found in elastic solids. it 
also demonstrated that a uniform distribution | pressure under a load 


was a fiction of design. Numerous experiments preceding and following 


Sgr porn & 


the paper have amply demonstrated tl the truth of this ‘statement. 7 en 

huge subway construction ‘program n of Greater New York ‘is “unques- 

_tionably the world’s best laboratory for the study | and illustration of all types of | 
foundation problems and the writer hopes to see, in the course of the next | 

few years, the crystallization of a definite soil mechanics and the complete 

_ abandonment of bearing value codification as a foundation formulation. — nobiiaell 
+The author well points out that, g given a complete soil identification, there i is 

sufficient mathematical and physical : science available to ‘complete the prac- 
= investigation, of the foundation. It remains to codify soil identification. a] 

_ The us use > of piles has been a a _ blind foundation expedient, save where ‘such 

determined by formula or by field test has been. of so 

Mi nate | a character r that most foundation failures may be laid to miscalculated 

pe pile bearing values. It has been frequently emphasized by the writer that no 

ie adequate pile theory could be formulated until a rational soil mechanics had 
- been developed, for the author has well demonstrated the fact that there is no : 

separate theory for piles ‘and for static soil theory. The development of the 
pile for underpinning buildings has” evolved a better understanding of soil 

——— behavior ¢ than any other single phenomenon i in engineering foundation practice. 


7 is not a question of bearing capacity Foveig but of actual load settlement 


The writer is heartily in favor of abandonment of the . Baginecring 
_ News formula for piles, and the adoption of one similar in nature to that 


(Papers. ia 
| 
] 
3 
tres hac demonstrated the oF mere sieve analysis 4 Dasis of Soll 
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study of the loaded soil and its distortions under the pile toe brought 
the reasons for progressive settlement even if a pile had already been ix tl 

j- |. *ransactions, Am. Soc. C. E., Vol. LXXXV (1922), p.1568. 


Papers.) ‘WILLIAMS ON THE SCIENCE OF FOUNDATIONS 

suggested by the he would to disregard pile 

entirely and make a separate study for each foundation type. ‘That 
. eliminate the dangerous a resulting from group application to ‘dings 


Binoy There remains the — interesting subject of “temporary “earthwork 
supports, such as sheeting and bracing. In this work modern soil mechanics 
has been given ample demonstration of its validity. . The failure of earth banks _ 
is nota simple application of the ‘Rankine « or Coulomb special soil-type theory, — 
but is one ne that | can be e easily formulated by a study of the elastic > properties: of — 
the soil. The absolute limits of ground ‘movement are predictable, and hot 
gives a rational method for determining the maximum pressures that 1 may 
ak be induced in the sheeting and timbering. _ This, of course 2, leads to a far 
safer ‘and more economical layout of such bracing; ; but, on the other hand, 
use of large e excavating machinery, requires large’ clearances 


of working room, ealls for : a careful investigation of load dis- 


“ment, in the sheeting ‘that permits of. the earth behind it, also per- 
ef mits the grain re-arrangement of the soil and consequent increase in ‘pressures “ga ; 


‘ “dils 
is well ‘illustrated by the famous “dilatancy” of Osborne- 


C. Wituams,* Soc. C. E. (by y letter). + Professor i 


greet 


forth serve as a basis for correlating observed : facts « concerning ng 
: foundation tests and behavior, and should thus contribute to o making the design 
foundations more scientific, 


‘That the ‘supporting capacity of soil is not, in general, directly propor-— 
tional: to the area of the foundation, has .long been recognized, but the true 
‘relationship i is not even yet entirely understood. In experiments on alluvial 
ade in 1851- 52 at New. Orleans, La.,t in which areas varying - from 0.25 


| 


sq. in. to 576. sq. in. were used, the penetration under a constant ‘unit ae 
increased sted simi the area. made i in 1 F on alluvial 


support: as much weight per unit of as more limited areas of 


"same soil.” | Reflection on the manner of distribution of a local load through 


an ir indefinitely extensive solid or semi-solid, would indicate such to be the case. _ a id 


. _ The relation between the plastic and the elastic deformations of soil should © = 


ual 


first be recalled. The: former is due to displacement ‘of soil particles whereas 
the latter is due to the resilient deformation of the particles, without: slipping, 
- relative to each other. | _ Contrary to the behavior of steel, the plastic flow pre- 


ae Dean, Coll. of Applied Science, Univ. of Iowa, Towa ‘City, 


$Van Nostrand’s Magazine, Vol. 272. = 
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WILLIAMS ON ‘THE SCIENCE OF 


os the e elastic, the latter constituting a a small proportion of the total ¢ com-- 
‘pression. . Fig. 17, from a made under the fationship direction by 


en with each | application and never entirely removed, the compres 


- gion and the recovery being recorded at each application. 


17. OF LOAD COMPRESSION 


If a load over an area, A, at the the inter- of 
soil particles along the perimeter | of this area are such as to spread the load | 

- laterally by’ virtue of shear over ah ever- increasing area of bearing ‘planes at ‘4 
"successive depths. rate of this spread depends on the characteristics of. 
2 i. ‘a soil, being greatest for coarse fragmental materials, less for granular, and 7 
Ey least for silt. — Moreover, the spread i is only approximately linear and the sur- 
face of uniform pressure is curved rather than plane, but the variation ‘from: J 
the conception indicated in Fig. 18 i is not sufficient to affect seriously the 


clusions based Although the rate of spread is. dependent « on the soil 


2 on the depression of the soil under the oul: This deformation i increases at 

oe the spread distributes the load over an area sufficient 1 to bring the intensity 

within the elastic resistance of the soil. When a homogeneous soil is assumed, 

an expression for the total may be obtained as follows: 


Let WwW be the load applied; hy the 1 total depth of s soil compressed; y, Sted 
depth: to any plane considered ; 1, the e tangent of the > angle of craigs C, 


surface with b, of. 
by the sides the frustrum of ‘the 
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WILLIAMS ON THE SCIENCE OF FOUNDATIONS | 
is. in a ay hy i 


q 


will” sustain elastically without deformation (at a given depression), ‘then, 


—1] neglecting tre, weight 


wl =p (b +r r h)?, whence h = — 


the soil itself. If, as for sand under certain conditions yandh = 2, the 


deformation would be ~ this case the denominator contains simply 

sum the bearing area and the. perimeter multiplied by : a a strip } ft. 


= 
ge: 
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At 


n two factors: : (1) The bearing area; and (2) the perimeter ae ’ 


on: 


relationship may be stated as a a formula for convenience, 


in which, We = load; A = area of pe p= supporting capacity per 


ig square foot of soil in compression for a given deformation; L= - length of the 
_ perimeter; and f the supporting capacity 1 in shear (friction and cohesion) per 


a foot around the perimeter. This expression might be otherwise conceived as 


i + —>— )P, since p is in reality the intensity « of pressure that the soil will 
‘sustain within ‘its elastic | limit. However, although this form may clarify 


* conception, the previous form is more convenient. on en oe. 


These supporting factors, p and f, vary , with the character of the soil (min- 


and granulometric composition, compactness, water content, ete.), a and 
8 with the depth to which the load penetrates the soil. The two terms are inde- 

terminate, their relative values depending on which represents the more rigid 


. a element in the total support. r: For the more rigid soils, the direct compoessive 
= resistance becomes the greater, for any considerable compression. _ Thus, the © 
= 2 tests , made by A.T . Goldbeck, Assoc. M. Am. Soe. C. E. vs , quoted by the sae 
a give, approximately, the results shown in Table 2 for 0.1-in.  penetratio 


various | mixes of sand and 
patie 


‘TABLE 


Settlement in inch 


7 
,in pounds per | /,in pounds pr 


05- -in. penetration less, the shear, in ‘these experiments, 
\ 7 ca rried nearly all the load. ~ Inasmuch ai as Mr. Goldbeck worked with small com- 
these facts explain the ‘apparent importance of the diameter 


Fig. 19) made on a uniform clay soil containing 1g 7 sand 


nidiaeaiival condition, using bearing areas of 1.0, 2.25, and 4.0 sq. ‘ft, showed ‘ 
0. -in. depression, p = 3 500 and f= 1500. 1 For depressions of | less than 
— 1 in., the perimeter factor carried nearly all the on In still another test 


lay soil, p =s = 3 400 and f= 2300, ‘for a settlement of — in. While tl ae 


ii experiments quoted by the author} are rather fragmentary, the cor re 
s - sponding values at 1.0-in. settlement are approximately, p = 2 800, and f = 700. _ 


Am, Soc. C. November, 1927, — and p. 2266. 
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Bettlement in Inches 


Is ON THE SCIENCE OF FOUNDATIONS [Papers. 


Of these two el elements, p varies al almost directly w : 
an dry clay soils, while, on the other hand, f wn fairly constant, 


if at all, with some low ‘Power of the depth of settlement, in some cases ‘about 

ae these elements were determined, the orem capacity of a larger area 


doa be predicted from a test on a small area. _ Thus, based on the test on — 


1% sand soil ‘mentioned previously, 1 using the data £ from the 0. 3- -in. penetra- 7 
tion, = 3600 and f = 1500, a footing ft. be to 
(with 0.5 5-in. penetration), 
by X 64 + 1 500 4 
or; ‘approximately 5 400 Ib. per sq. ft. of superimposed load. a The ‘ees line 
curves of Fig. 19 show calculated bearings | assuming p to vary as the depth, — 


The correlation between calculated and observed data is high within the 
ultimate bearing capacity of the soil. writer has this theory 
other 1 test data available, with similar results. 


Sip The most reliable practical basis _ for comparing the supporting capacity 
“Ie of two areas on the same soil, therefore, is the factor, A i td x L, in which, 
Kis wa as for a certain sand, K is—, a 36-sq. ft. 


foundation expected sustain on this soi or 21 times the test 

load on a gost 1 alain with the same settlement, instead of 36 times as 


much according 1 to the usual assumption, or instead of 6 times as much, , which 
_ would be the case if the supporting capacity varied with | tee: diameter for a 
_siven penetration, WARS HE 
ba 


While for small and for small test areas, observed. data, 
ast those of we indicate settlement, under a constant 


| 
the tests. on the sand- clay soil mentioned, the relations 


between and settlement were as given in Table 3. 


Load, in Fe tot 


5 


‘These results, like those by the author, that, for settle- 


ment, and s small area dil the movement is approximately proportional to the: 


— 662 ‘Pa 
— jc 
— the 
— 68 
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AREAS, IN INCHES. 
— 4000 


“to o disappear. This is further supported by the that, in 


68. sq. only 1. 5 times ‘that under same e unit on 
‘Post covering 4 sq. ft., instead of 4 times as great as ‘would have been the = q 
& the settlement had been i in proportion tothe diameter. 


the seventeen- “story office the ‘Michigan Central Railway 


-ment.* numerous instances cited where an actual load on on 
large footings amounts to one-half or even a larger fraction of a test load on a | a 


small “area, and yet the settlement is not ‘noticeably greater than that with 


Where care is exercised t¢ to load 1 the soil around the test footing, the dis- 


crepancy between the settlement under test and actual load on the structure 
is reduced. _ Unfortunately, too few correlated observations been made 
on the settlement of the completed structure, and that of the test load at 
similar intensities of. “pressure. It is the writer’ 8 opinion, , however, on 
the rather “meager data available, both ‘theoretical | and obs observational, that, for 
_ areas of practical size, the settlement does not vary greatly for r comparable- i 
a sized footings carrying a uniform intensity of 1 pressure on the same soil. : 


oe.’ as seems - to be the case from this discussion, the bearing capacity varies a 


+ with both the area and the perimeter of the footing, then, for larger founda- ; 
tions, the bearing for constant settlement varies nearly with the area. For 
instance, with two footings on | sand, as previously assumed, one 10 ft. ‘square = 


a 


| — ¢ 


& 


and one 20 ft. square, the respective bearing capacities would be about | as 


=1:. 3.8, instead of i: 4 when b based on directly, or 1: 

= 


While both theoretical | analyses and experimental | observations show, as the 
4 


~ author: states,t that the bearing intensity is not uniform under a pier, it is the _ 


fe writer’ s opinion that the error in the moment calculated for a continuous beam 
or mat, on the ere parr of uniform distribution, is not as serious as that 


o shown ta Phe: 8. The author neglects the fact that such a foundation beam 


‘ or slab deflects upward, and that this deflection i is” generally sufficient to 


4 
relieve. the pressure at the “span, ‘and, therefore, operates to effect more 
(5 


nearly a uniform distribution, by increasing the intensity ‘of pressure at ~~ 
7 (downward) supports of the slab. | This deflection upward operates to decrease — 


pressure at mid- ‘span, because of the fact that the soil is only. slightly 


lastie and does not follow the deflected member, the loading of the beam 
nipe Ire therein from a gravity or constant-pressure load. For spans of 16 


20 ft. or more, which the writer has had occasion to investigate, this 
‘deflection of the ‘beam is sufficient to. nullify greatly” the error in 


oment on. the assumption of uniform distribution. 


and 2270. 


et 
> = 
it _ back-filled) was 0.02 ft. for 5000 lb. per sq. ft., but under the mat foundation e 
2 
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CHATLEY ON THE SCIENCE | OF FOUNDATIONS 
Two other phases of the science of foundations, botl "suggested 


author,* enter into foundation design to an ‘important degree. These are: 


he First, the relative effect on settlement of a constant dead load and of a tran- 
ae -sitory conjectural live load to which foundations are subjected ; and, second, 


the: prediction of foundation behavior in order to calculate the effect of settle- 
on the superstructure. One has but to visit the basements of almost 


= any, of the older structures in Chicago, IIl., and cities similarly situated, 
witness the effects of lack of knowledge on this subject. | Eccentric live loads, 


BE due s to wind 1 and other | elements, are usually unavoidable, and a prediction as to 
the behavior of the foundation under such conditions and the | consequent — 


on the is necessary i in order to. prevent distortion, if, 


structure may be ‘desirable, just as rock foundations may be desirable; but, 


since such foundations are not | always obtainable, the problem then 
_ itself into designing the structure for actual foundation conditions. pom 


of soil behavior should include more detailed than the 


Professor ‘Terzaghi’s stimulating paper should bring out in 
great deal of information concerning soil mechanics and its relation to the d 


foundation design, as well as other phases of the science of foundations. coe a) 
_ HERBERT Cuatiey,t (by letter). +—The writer has had the privilege 
following Professor Terzaghi’ 8 work for several years. _ Whether or not some 
the finer points of Professor Terzaghi’s will stand prolonged 
investigation i is a matter for the | future to decide, but’no one can question © 


uture 
‘that h his masterly exposition of the : manner in which the flow of water through 
-grained soils is r elated to their bearing capacity has thrown | ab 
‘se on what had previously been a most misunderstood subject. oer 


: 
conditions in n Shanghai, China, are e those of a a ‘saturated soft 


to tl the "of loads and piling under conditions are 
greatest interest and value to engineers in. Shanghai. Through the 
initiative of H. von Heidenstam, M. Am. Soe. C. E., pile tests. on vether 
= ax large scale have | been | made for some years in ‘Shanghai by the staff of the 
Whangpoo Conservancy Board. Professor Terzaghi has been good enough to 
speak ‘very appreciatively of these tests. Broadly speaking con- 
firmed his views @ as to piling in soft ail 
The : slowness with which fine alluvium expels its contained water is well, 
shown in Shanghai by the behavior of hydraulic fills formed by the pumping 
up of dredge spoil. _ Where the these fills are above the ground-water level they do 
a a become dry, but below the top 2 or 8 ft. some years may elapse before ~ 
deeper material becomes fully consolidated. This is true in spite of the fact 


_ that the hydraulic wie: process t tends" to remove an appreciable part of th the 7 
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- As to the u use of piling formulas, the cogency of the reasoning as to the | 
Variation of the the duration of the 


a the second term in the denominator of that formula is even more arbitr ary 
= In the work on the internal - friction of granular masses the author has | 


seen fit: to adopt the writer’s conclusion* as to the importance of single 
‘molecular bonds i in uniting particles the weight of which i is of the same | order 


| as those bonds. The writer has since gone much further into the question — 
- and these studies fully sustain his earlier conclusions as to the magnitude and — 


In . regard to the , classification of soils the new w data as to the den of 
mica are most important. There is one point to which attention might very 


4 
well: be directed ax and that is the possibilities of change of grain size by the aM 


permanent aggregation of particles. Putting it very crudely, o one might 
imagine that, u under certain circumstances, a fine clay could gradually be a 


_ transformed into a loam by t the adhesion of the particles. 


Engineers would be v very glad if the author would ; give some practical 
for the design” of f sheet-piling, which acts as. a retaining wall. 


“On Cohesion”, Philosophical Magazine, Vol. XL, August, 1920, and “Silt”, Minutes -* 
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PAPERS. AND DISCUSSIONS 


fea 
is: responsible for any statement made or opinion 


HYDRO-ELECTRIC DEVELOPMENT 
ON THE SUSQUEHANNA RIVER 


hal H. A. Haceman,t M. ee Soc. C. E—Mr. Wilson has given the general 

; features of the hydraulic ‘design of the Conowingo Project. - It is the purpose 


of this discussion to set forth in somewhat greater detail the design of the 


2 
major parts of the structure and operating equipment. 


it~ Station Intake. —On account of the length of waterway required to accel- 
' erate the water and the width of the space necessary to house the ete 
the intake is in itself a stable structure. It will serve > adequately, asa 


For 


_ the four future va this mekes necessary, at at present, £ the construction of the = 
intake only, and results in a minimum initial expenditure. will also make 


al the future realization of all progress in water- which 
ibe be made to the installation of these units. 


of the will be located ne near the ‘the reservoir and a 
| zr -wall extending 40 i. below the normal pond surface will be constructed — 


up stream from them asa protection against ice. ‘The curtain-wall i is 


| is distinct feature of the intake and i is more © economical than any other form ot 


The racks are located in each intake a 
behind the 3 -ice- -proteetion wall to permit ‘the operation of a mechanical rack 


~ rake. . These racks will be made up in panels of convenient : size, which will, 
slide i in guides set in the ‘concrete. % The lower panels in each opening - will be | 


on ‘the paper by 3d, Esq., “November, 
Che. Hydr. Engr., Stone & Webster, Inc., Mass. AT 
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equipped with flat s steel bars, but the upper a which are located behind the a 


curtain-wall and a1 are, therefore, of no use in providing actual ‘waterway a area, 
will be faced with treated timber. The timber facing panels will 


_ decrease the adherence of ice to the racks 1 at the water surface and also reduce 
‘the cost of the panels, 


ue : ven The rack sections have been designed for an unl unbalanced head of 5 ft. over 


oe their entire area, under » which conditions the maximum stress in the: steel 


will not exceed 16 000 Ib. per sq.in. UA 
guides for the emergency sectional head-eates will be located down 


stream from ‘the trash racks. These gates will be of structural st steel and will 
be use used to close the ‘waterways when it is desired to unwater them in order to 
inspect or repair the butterfly valves. The valves are used normally as head- 


4 


sufficient of gate sections will provided to close’ the intake 
a one unit. | The top, or sealing section, , will b be arranged to seal ; against a 
# 3 casting at tl the ne top of the intake e opening so that it will not be ; necessary to 


ve 
extend these gates to the water surface. 


Steel stop- logs of ‘similar design to the head-gates, but with sections of 

a less height, _ will be provided to close the w waterway openings for the future 

‘units until such a time as these units are installed. ‘4 


Gantry Cranes.—The sectional head-gates and trash racks will be handled 
by the gantry cranes which t travel along the intake and spillway sections of © 


F ‘the dam. For this pt purpose the cranes will be equipped with a special lifting 
"4 - beam which will run in the guides for either the head-gates or trash racks. 


- This lifting beam will attach automatically toa rack | panel or head-gate sec- 
a pig - tion under water, so that each section may be hoisted out of the guides ‘sep- 


ea arately and transported to a suitable storage space by the cranes. When it is 
desired to place the head- -gate, trash-rack, or stop-log- sections in the intake d 
a process will be reversed, the lifting beam automatically ‘releasing the sec- _ 
ae The wide bellmouth provided for the waterways insures ve very ‘satis factory 
ie hydraulic. conditions for the intake with the head loss at the entrance reduced 
Velocity at Intake. —With the water- wheels discharging 5 800 cu. ft. per 


x sec. corresponding to full generator load at 89- ft. head, the velocity through 
i ve the trash racks will be about 2. 6: ft. per sec. The velocity at the entrance of © 
the waterways will be 2.8 ft. per sec. In the distance of ft. from the 


- entrance of the waterways to the center line of the butterfly valves the water 
will be accelerated to a velocity of about 12 ft. per sec. _ After passing the 


om center line of the butterfly valve, , the velocity decreases and the water enters 
the plate-steel seroll case of the water-wheels at about 9.3 ft. per sec. 


a each ‘unit is ‘about 1 900 sq. ft. ‘To close this area with two or even three lift- a 

gates of any developed type would require gates of enormous size for the pres- 7s 


sure: to be resisted, with the consequent difficulty of obtaining an adequate 
against leakage. 
and the operation slow. 


ae —The area of the entrance to the water-wheel intakes for 
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Papers.) HAGEMAN ON CONOWINGO HYDRO-ELECTRIC DEVELOPMENT 

- By placing a ‘circular gate or butterfly valve at the entrance to the scroll — 
case, the area to be closed is only about 570 ‘sq. ft. as compared | to the 1 900 

sq. ft. for rectangular ; gates. Further, the perimeter to be made water- tight 

| is only about 85 ft. . for the circular gate compared to 850 ft. for the -rectan-_ 
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were as being most practicable to suit the They will 


be designed to open or es in about 5 n min. and may be closed with maximum — 
- through the t turbine. In the closed | position they will ll stand . at right 2 angles 


"pressure to a tube, 3 in. in diameter, set in the inside face of the valve 
“housing opposite the periphery of the valve wicket. - Based ‘on tests of this | 
sealing device, the leakage through these enormous will be negligible. 

Each valve will be operated by oil nil pressure ina cylinder 40 40 in. in diameter. bi 
These valves will be the largest ever built, the largest now in existence — 
bese the valves, 23 ft. 6 in. in diameter, built by the Allis- ‘Chalmers Manu- 


x0 development, three are » being built by ‘The 
Ship and Engine Building Company and four by the Allis-Chalmers 
‘Manufacturing Company, each ‘manufacturer supplying the valves to serve 


will be the same for | all abies ; and the manufacturers esis co- operated i in 1 the 
design of bearings, operating mechanism, an and renewable parts, making them © 
Water- Wheels. —The Allis-Chalmers Company and The Wm. Cramp Com-— 
pany are operating in th the design» of the water- wheels, with the result ‘that 
a only one 2 set of principal spare parts will be required. j ‘The outward appearance — a 
the units will also be similar. Be this end, ‘such parts as lignum vitse guide 
bearings are of the same design for all wheels and are interchangeable. The 
_ runners, while not of the same design, will have the same limiting dimensions, — 
- that the : spare runner which will be supplied by The Wm. Cramp and Sons i. 
ip and d Engine Building Company, will | ill serve in either a Cramp or Allis- 


steel scroll cases were chosen « on account of greater when 
SS concrete which would | ‘require h heavy reinforcing i in the substruc- a 
ture” and “much more elaborate and expensive form work, maximum 
diameter of the runner will be 17 ft. 9 in., and its | weight, when completely 
will be about 240 000 Tb. Each’ main shaft will be of forged steel 


about 36 in. in with top and bottom flanges forged integrally with it, 


n substructure. 
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Se ciency of at least 93% and also that, in an average year of run-off, the seven = : 
of 
orsi‘é‘ég 
each main unit. t wi e attache speed ring oO water-wh 
“sand be designed to carry the weight of the generator, thrust-bearing load, and 
jacent floor loads down to the speed ring, whence the load is transferred 
speed-ring vanes to the power statio, The support 


be built, of and steel of cast iron, as is 


to ‘the ring it “must be ‘transmitted to ‘the: substructure 


fe “Governors. —Each water-wheel manufacturer will supply with the unit: 


he furnishes, actuator 1 type, oil- pressure, relay governors of his own 


make, having governor fiyballs “mechanically driven from the main shaft 


__ Power House. —The units ¢ and auxiliaries will be arranged in pairs. Units 
, 2, 5, a and will have Allis-Chalmers- turbines and General Electric 
“generators. . Units Nos. 3, 4, and 7 will ha have Cramp turbines and — 


| 


Each p pair of units will be ‘equipped with an interconnected oil-pressure sys- 


tem consisting of one pressure tank and duplicate pumps a and sump tanks. © The 
governor actuators and pressure. tanks will be located on the main floor of 


“the s tation at Elevation 46.0 ft., but the pumps and sump tanks will be locate ed 
the station auxiliary floor at Elevation 35. 0 ft. 


A central ‘oil- purification system will be provided with the necessary piping 
to 0 drain any governor ‘system and purify the oil and return it to the : system. ~~ 


_ Draft- Tubes.— —The draft- tubes for each make of water- wheel will be built 
in accordance v with the design | of their respective manufacturer. | The. Cramp — 


a units will have tubes” of the conventional Moody type with a eeandety on. 


extending from the bottom at Elevation — 14.5 ft. to the hub of the /‘Tunner. 
The Allis-Chalmers units will be equipped with a White Hydraueone ~ of 


draft-tube and will have its bottom m at Elevation — 18.5 ft. The bottom of. 


the outlet of the draft- tube will be at the same elevation for all units. 


The substructure over the draft- tube of each unit will be supported by 
five cast-steel stay vanes which each water-wheel manufacturer is furnishing 
4 a for the units he supplies. — ; Down stream from the circle of stay vanes, the 
‘draft-tube will be divided ‘into two parts by a central bearing wall. ay ie 
— setting of 
quired for the the ‘Tunners_ against pitting, it necessary 


4 fie: 
<a — to. provide for stop-logs at the ‘outlet of the draft- tubes to prevent the unit 
from being flooded by tail- water when -unwatered for inspection or repair. 


- These stop-logs will be handled | by a a small gantry crane in a eisnaner ‘similar 
the sectional head- “gates and trash racks. a oF 


All waterways will be. arranged with suitable connections to a drainage 
tunnel which will be located under the inspection tunnel, up stream from 


the draft- tubes. ‘This drain will empty into a sump at the west € end of the 
station from w which the water will be pumped into the tail- race. 


ge Spillway-- —As already explained by Mr. . Wilson,* * the head-water level at the 


station is to be ‘maintained constantly at Elevation 108.5 ft. except during: 


| 


_ periods of extreme drought, at which time the draft from the reservoir will — 
- eause the head-water to fall below the normal elevation. In order to ‘pass 


ssions, p. 2298. 
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a 


flood ‘flows in ex excess” wan of the wa water- 


circular curved at the toe. piers supporting the 
are 7 ‘ft. thick ape! 45 on clear opening of 38 = 


Se & 


40 ft. wide, with timber seals at the bottom and rubber- stamnching 
rod se seals at the sides. ‘Fifty crest. gates will be provided, having a combined 
of about 800 000 cu. ft. ‘per sec., » with the head- water 


one- third ‘that of gate, will be provided for the finer 
ments of flow. Up Stream from the crest gates, additional guides will be 
set in the piers to receive a service gate. ‘This 3 gate will be of the fixed roller a“ 
(aig and will be used to close the gate- opening when it is ‘necessary to remove _ 
- one of the | crest gates or regulating gates for painting or or repairs. ios re 
+. The crest gates, regulating gates, and service gates will all be handled 
t by the same, oman that handle the sectional head- -gates. A total of three 
gantry cranes’ will: be provided for handling gates on the dam and the 
head- -gates and trash racks. For handling the crest gates they 
are with beams of design from that 


to their open position they will be held i in place by means of of pawls 


‘engaging suitable le stops ee the ends’ of the gates, thus permitting the er crane to oq 


A study of duty ‘eycle of these | cranes indicates | that one crane will 


“lift a a crest t gate every 9 min. the maximum rate. of 1 rise of any flood on 2-45 
cord has been such as to. require the opening of « one gate’ only « every 30, 
| “min. , ample factor of safety has been provided in these gantry cranes to insure — . 


in 
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AMERICAN SOCIETY. OF ‘CIVIL ENGINEERS 


‘AND DISCUSSIONS 


This Society is not responsible for any statement made or opinion expressed 


a 


DAM ON INNER NAVIGATION CANAL 
NEW ORLEANS, LOUISIANA 


Messrs. F. R. Harris anp R. H. WHITEHEAD. 


R Hanris,t M. Am. Soc. C. E.—This is a very interedting contribution 


to the very little that has been written on this subject. | Such | structures are _ 


locks, amounting | in some cases even to their entire ‘destruction, but they are 


an adjunct rx necessary to enable periodic unwatering and inspection, together 
with the necessary ‘repair, and maintenance work involved. 


The stop- -log emergency dam and canal lock is new to the speaker. Mr. 
/-Goldmark ‘states that at an earlier period an emergency dam wa was built on 7 
"4 the Canadian side of the St. Mary’s River, and that it was actually tested — 


under | emergency conditions. Figs. 1¢ and of the accident are very inter- 

_ However, the feature of ‘making: ‘girder: stop- -logs capable of 
& ‘Seated to any location is a novel one. ~The speaker is is not sure that he he entirely 


} understands how water is ‘admitted to them to overcome their buoyancy when ~ 
_ lowered into position. _ That is, whether this is an automatic device or a 


special hand preparation. It would ‘seem that when lifting them from the 
i ‘Water, u unless the openings are very ry large to permit the interior water to be 


discharged, » great | care would have to be exercised so as not to strain the lift- 
ing truss or the hoisting mechanism, unless, of course, the designer had pro-— 


for this s by additional strength for the additional weight of water. 
The speaker would anticipate ‘some difficulty in securing and 


tightness of the box girders. He does not know | whether these have 
been y provided with caulking edges and caulked, or whether the water- tightness _ 


* This discussion (of the paper by Henry Goldmark, M. Am, Soe. C. published in 
‘December, 1927, Proceedings, and presented at the meeting of December, 7, 1927), is printed 
tt Proceedings ‘in order that the views expressed may be brought “before all pennere for — 

Rear- Admiral, U. _ (Retired) ; Cons. Engr., New York, N. Y. 
An. oc. , December, and Discussions, p. 2621. 
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HARRIS ON EMERGENCY DAM. ON NEW ORLEANS | CANAL 


= is dependent on een. In either case, when these stop-logs — been sub- 

jected to load and consequent deflection, it) would seem that the joints would | 

- : start leaking. It would be interesting to know what e2 experience had revealed 


_ The author’s 8 hooking and unlatching device is is very ingenious and would 


-Tequire careful attention i) that corrosion may not occur a and interfere with 

sod its: operation. This apparatus, which is 3 principally for em emergency use, ‘may 
Tie unused for long periods, | , and the temptation is to “neglect proper inspec- 
tion and upkeep. > When the emergency arises the apparatus is often not in 


4 


proper condition. There is no way to overcome this except to insist on periodic 
= and placing of the apparatus for inspection purposes, whether it is or is 


not actually required. ~ Unless something of this kind is done, it is either not 
on ‘on hand or not in usable condition when required, cob 
The speaker has used similar stop- log dams, although of much smaller 


dimensions, in the discharge culverts of dry docks. Their purpose in this 


case is a somewhat similar one. They are provided for ‘use in the event of 
_ the breakage of a sluice- gate or gate-valve, in order to prevent reverse flow 


“of the water and back-race of pump | impellers, together with the incident : 
"flooding when flooding is not desired. Also, they are used as an emergency § 
to permit inspection and repair of f discharge culverts and chambers. 


a they are much smaller, 1 with less head and | span, they are much simpler and B 


can be improvised. — The speaker has had several experiences of deciding to 


use them and epecitying ‘them, making the discovery that they i 


te hanging around so long and not t being used and had sent them to the scrap § 


heap or had broken them up p and ‘used the material for other } ‘purposes. — ha 
would be interesting to know something : about the extent of leakage § fre 
in horizontal joints between abutting girders or ‘stop-l -logs. ~The leakage | in = 
this type o of emergency dam eannot, presumably, be greater ‘than ‘that at 


Panama. On the other hand, when considering this type of on Spe 


to the 1 type of emergency dam at. Panama, attention must be given to the B wh 
ae "greater span of the Panama locks and the consequent greater ‘depth of girder Dias 


(horizontally), greater bending moment, and consequent greater weight. 


Pat: Considering t! the theoretical design of an emergency dam a series of hori- g 


“a zontal beams, such as Mr. Goldmark has , designed, will have to be designed 


; to take the entire water pressure. In general, the steel required and the cost 


: would bear a direct Telation to | the width of the opening and the depth (hori- 


gontally) of the beams. In the case of the ] Panama emergency lock, , there is 
: one horizontal girder at ‘the top having a span the full width of the opening. 


‘The sum of the reactions received by it from the vertical members, or beams, 


will equal one-third the water pressure, the remaining two-thirds being taken 


if erst 


the sill. ~The vertical beams, in turn, since the combined r ‘maximum 


moment, would b be a distance of -one- third up, i ina general way—all « other ty 
ain factors being equal—the steel structure would have to be designed to take it 


care of two-thirds of the water pressure on the basis of the Panama emergency 
dam as compared to 100% for a stop-log dam. It is, of course, very probable . 


‘that the details in the Panama design as compared to the relative -_ 
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WHITEHEAD ON EMERGENCY DAM O NEW ORLEANS CANAL 


‘yee 
in the stop- log ‘design might more than ‘make 1 up this his difference, although — 
in comparing costs with the New Orleans costs—attempting to equalize the +g 


difference in cost on account of the conditions existing at the different a 
construction—the greater depth and and ‘span, | in the case of f Panama, ‘should : 


‘ Ati is difficult to compare the costs of a a design completed before the World - 
We, with ¢ one made under existing because the cost of labor and 


ca 


is so much higher 
‘dic back again to the question ‘of water- tightness for flotation pur- 
poses, it has occurred to. the speaker that, in the long span of 75 ft. 
ll would necessarily be some deflection due to water pressure. - What effect would — 


4 this: have on 1 _water- tightness, especially after continued repetition of deflec- 


tions? ‘The matter of water- “tightness is of considerable ‘importance in 


this “considering the stability of these box they are at 


soa! is above the center of buoyancy, giving a type of f stability dependent entirely 


a on the righting effect, which i is computable in terms ‘of moment of inertia of 


—— ft the water plane of flotation. If the girders should leak to any extent or contain 

i ; “any water the effect would then be that of interior water -careens with conse- 

a quent instability and a tendency to roll over on the side. if this does occur, . 

g to : and it will occur with leakage, there will be some difficulty in attaching the 

hes ‘lifting hooks. The speaker would like to inquire if anything like this ‘occurred. — 


The ‘paper v was also not v very clear as to whether the process of flooding a 
a 4 the gates and making them water- tight was automatic or whether it was a 


4 hand operation. At one time it is stated that they are arranged as to 
kage freely take water in order that they. can be lowered and at another time that 
As an alternate suggestion prevent in horizontal joints, 
aaa speaker ‘recommends making the meeting surfaces of a wood, such as 
white pine. The Federal Government has been in 
material instead of rubber gaskets for meeting surfaces of 


R. H. Esq. (by letter) -+—The Panama Canal type of dam 


hort- an dam, | pure and simple. The stop- log type described by Mr. 
igned  Goldmark has the merit of not only ready as an emergency dam, but 

, cost - the girders used take the place of the very expensive floating caisson of the 

hori- Panama Canal. if the latter type of emergency dam had been used in the 

are 18 - Inner - Navigation Canal at New Orleans, it would have been necessary to 

a supplement it with a floating caisson for overhauling: the lock-gates at the 


cams, «Upper and lower ends of the locks, assuming that the ‘operating ‘policy was 


guard the | equipment against deterioration. From t the standpoint of sim- 


plicity, there is no doubt, that the ‘stop- log t type is simpler than the Panama 
other type; but the writer does: not regard this of very ry great. ‘importance, because 

take it is the business of the operating in charge to master any details of 
eration and to be ready to respond with efficiency to any emergency. _How- 


Received by the Secretary, 7, 1928. 
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676 WHITEHEAD ON EMER ENCY DAM ON NEW ORLEANS CANAL i eam 


ss ever, when it comes to maintenance, the. Panama Canal - type requires more 


e+: maintenance to keep it in a high state of efficiency, and this is expen- 


‘The choice of types of dams, either the stop- ‘log or the Panama Canal 


type, depends on the size of the opening to be closed. The writer does ‘not. 


_ believe that the stop-log type, while it seems to be a very good type for New 
Orleans, would be the correct type to “use at at Panama. .. The importance of the 
Panama route ‘makes | expense secondary and of minor importance, and speed 
ae Mr Goldmark states that it requires 1 hour to put the Panama Cenad i in 
position.* On the contrary, from the time the emergency occurs it requires, 


ata maximum, only + hour. It takes an hour to put the smaller New Orleans 


a, 


Dam in position, , and it is evident by considering the designs that, basically, 
the Panama Canal type is a faster one to operate. Ati is true that it was orig- 


nd 


Bt expected that an hour would be required to to put the Panama Canal Dam es 


2 in position, but the o operating force, by the proper “indexing | of the clutches ae 
for handling ‘the gates by proper g, has red 
‘The Panama Canal type of dam is for Panama than the stop- ‘og 
type, because the area is blocked off by separate independent units in a at 
Plane rather than separate dependent units in a horizontal plane, tes 
In regard to Mr. Goldmark’ method of calculating the cost. on a square- 
~~ ts foot basis and comparing the two types, it would probably be a better com- bia 


By parison if if the two dams were calculated ona tonnage basis, because after all pe 
“ is said and done, if the New Orleans type e of dam, which is 75 ft. wide, was ae 
" built to cover a width of 110 ft., , such as in Panama, the cost per square foot B 


would mount up much more rapidly than in direct proportion to the relative SS 


areas. In calculating on a pound basis, it would be found on certain sizes 
‘openings that the Panama Canal dam, considered simply as a dam, is 
ae ‘: heaper ian the area becomes sufficiently large, ‘than the stop- -log type, and Cor 

vee versa As | the area becomes smaller from a critical amount, the stop- -log 1919 
type will show more and more economy. There appears little doubt but Bae 

ee 7 that the stop- log type is the correct one for New Orleans and that the Panama - 
5 Canal type is the best for locks of their size. 
; The writer wishes to pay tribute to the author. The « operating force of 
: “the Panama Canal has always looked on the lock- “gates that t Mr. Goldmark tie 
“designed and that the McClintic-Marshall Company built a: as. the greatest Stee 
single engineering achievement of the Panama Canal. 
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moir ‘MEMOIR OF REDMOND STEPHEN “COLNON 
MEMOIRS OF DECEASED MEMBERS 


—Memoirs will be in the volumes of Transactions. be fo information 


Secretary prior to the final publication. 
REDMOND STEPHEN COLNON, M. Am. Soc. 

Diep Ocrose 9, 1927 


4 


ee Redmond Stephen Colnon, the son of John W. and Harriet (Perkins) 
Colnon, was born at Brownville, N. N. Y., on June 29, 1862. . After his prelim- 
inary education, Mr. . Colnon entered Cornell University, at Ithaca, N. . 4 


pits 


from which he was graduated i in 1887, with the degree of Civil Engineer. 


Soon after his graduation from college, h he was engaged as. Assistant Engi- 
“neer in the office of the late Emil Kuichling, M. Am. Soc. ©. E., at —— 
ou”. Y. In 1889, he became Assistant Engineer t with C Charles H. - Ledlie, \ M. Am. 


Soe. C. E., of St. Louis, Mo., , and, in 1890, occupied a similar position with — 


‘the firm of J ohnson and Flad, in charge of the construction of an an inclined = 
cable, at an estimated cost of $75 000, for the Western Railway Company. 


From 1892 to 1895, he was employed as ‘Engineer with the Fruin-Bambrick .- 

/ Construction Company, General Contractors, i in n charge of an inshore tunnel - 


on the Water-Works Plant for St. it. Louis. . From _ to 1900 he was € engaged 


=. In 1900, “Mr. Colnon entered into partnership with Mr. Jeremiah Fruin 
- under the firm name of ‘Fruin and Colnon, General Contractors. With ‘this. 


e corporation, his work included the construction of a warehouse for the St. 
Louis Transfer ‘Company an and a water intake plant for the Anheuser- -Busch © 


Brewing Association, as well as paving and sewers for St. Louis and 


Bast St. ‘Louis, and the building of new “settling - basins for the City ‘Water- a 


Works at Chain of Rocks, Mo. 


In 1908, the Fruin- Colnon Contracting Company was organised, 


Company specialized public works, railroad contracting, ete., and, from 


1912 until his death, Mr. Colnon served as its 
Wr He was a member of the St. Louis School Board from 1903 to 1909. He — 


"appointed a member of the St. Louis Terminals ‘Commission in 1905, and 
was a member of the St. Louis Library Board from 1926 to his. death. He 


also a Director and Vice- President of the Missouri Cement Com- 


pany, 
Company, and of the St. Louis Frog and Switch 


Mr. Colnon was a member of the social and fraternal organiza- 
tions: The Noonday ‘Club, the ‘Racquet Club, the Circle Club, the Engineers’ = 


Cub. of St. Louis, the City | Club, the Bellerive Country Club, the Sunset Hill oe 
Country Club, Theta Delta Chi Fraternity, Cornell University Alumni kno 


dation, and the St. Louis Council of the Knights of Columbus. ernie 
He was married on January 9, 1895, to Katherine Fruin, of St. Louis, wh 


haere Mr. Colnon was elected an Associate Member of the American Society of 2 


. — Civil Engineers on J uly 9, 1906, and a Member on July 12, 1926. — to 
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‘Hubert Edward Green was born at Edgbaston, Warwickshire, on 


; “August | 17, 1859. He received his grammar school and college education in 


From 1874 to 1884, s Green was v with the Publie Works ‘Department of 


the New Zealand ‘Government, o n the construction of its railway system. In 


g une, 1880, he was appointed Overseer, in charge of wharf building , and of 


road and bridge repairs, ‘and in J uly , 1882, he was made Office and Field 
In 1884, Mr. Green came to the United States, er from February | of that 
. until September, 1886, he served as Construction Engineer for ‘the Sierra 


Mohawk Valley Railway Company, a narrow- gauge line running v west 
California from a point about 30 miles north of Reno, Nev. During the 


“lowing two years, he was in charge of ‘the City Engineer’s office bata 


‘In 1888, entered the employ of the International Company of 


Mexico, with headquarters at ‘Ensenada, Lower California, and made explora- 
tions: to classify land over the -Company’s concession of 18 000 000 acres. 


engaged as head of the Railroad Corps and was. employed on 


é a railway survey from San Quintin: to Yuma, Avis, branching at Real del 
Castillo to San Diego. Considerable difficulty experienced due to searcity 


af water and transportation over the heavy “sands through the Cocopo Desert _ 
oe ‘Returning to the United States in 1890, he had charge of the construction 


the trestle across Elliott age the Seattle Terminal Railw ay 


North Yakima and Wash. He’ was also 1891 to 


ae the location of railroad lines inT exas for the Atchison, ‘Topeka and ‘Santa 
Fe Railroad Company from Conroe, Tex., to the ‘Trinity River. In J July, 1893 ; 


Irrigation Company, under C. R. Rockwood, ¢ Chief Engineer 
<.: From: 1893 to 1896 Mr. Green was with the San Diego City : and County and 


Coronado Beach Company, superintending the laying of the of the 
Bees Morena Dam, which extended 100 ft. below the stream bed. . During 1897 7 an and 


ag “7 1898 he was engaged i in 1 placer mining in British Columbia and i in ‘the general, 

practice of civil engineering i in San Fr: rancisco, Calif. In 1899, was. 


ployed on t the construction of electric railroads in Angeles, Calif. 


TA Ase 


eS ae from 1900 to 1902, he. acted as Field Assistant for the United States Geological 


_ During 1902 and 1903 Mr. Green served as Assistant to &B. Lippincott, 
aie d . Am. Soe. C. E., in charge of surveys, estimates, and designs for pipe lines 
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fate. ‘Water Company, of Long Beach, Calif. While engaged in 
capacity, he made divisional surveys: of the Hetch ‘Hetchy Valley and 
Lake Eleanor Reservoir sites for the City of San Francisco. 
*. ult On May 4, 1903, he was appointed Designing Engineer of the United States 


ff Reclamation Service, in charge of the construction of the Belle Forche Diver- 
Dam. He held this position until his re: resignation in 1907. From 1907 
1910, he designed and | built irrigation Ww orks for L La Sierra Heights, at River- 


During 1910 and 1911 he v was employed by the Mounta ower 
| Crescent City, Calif, i in ‘making surveys and designs for. he pow er dam on 
the Smith River, and from 1912 until his death, he acted as Chief Engineer oe 


| for the Compaiiia Constructora Richardson, at Esperanza, ‘Sonora, Mexico, 
oe Mr. Green was a man of sterling character and ability, modest and retiring, | 
the reason, perhaps, why he did not occupy as conspicuous a position as his 


Power Company, 


It was the writer’s pleasure, as a young man, to work under Me Green on 
the construction of the Sierra Valley and Mohawk Railway, i in Plumas County, 
"California, i in 1885. he then learned to have great respect for his keen knowl- 
as an engineer. Since that time, during a ‘period of forty years, | he has 
had many friendly ext experiences es with him. He | was possessed of ¢ gr eat patience, 
but was firm in his decisions, as was illustrated by the difficulties he overcame 4 


laying the foundation of the core of the Morena Dam, when he 


q [ abilities warranted. Hey will ill be g greatly missed by his many engineering fi friends | 


senting the City of San. Diego. - At this time he encountered opposition from 
e ignorant foremen who wished to use inferior concrete, which course Mr. Green, © 


io Mr. Green v was twice ‘married, first, to a young w woman from San Fn 


Mr. Green was elected a M of the Society of Civil Engi- 


393 fone December 2, 1903. 

OSCAR HOLMES TRIPP, M. Am. Soc. 


93, 
Aveust 24, 1927. 
Holmes Tripp was born J January 15, 


son of the Reverend Leander and Louisa A. ‘Tripp. a 
| and his early years are e difficult to trace because of the migrations — 
made necessary this calling. youth was 
Maine, where he received his education in the Public Schools. 
' wees attended one of the Maine academies and later studied law, being 
admitted to the Hancock County Bar, and subsequently practicing at Bluehill, 
M was not uncommon in the earlier he carried on the 
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OF JOHN MICHAEL LALLY 


in the of engineering drew him m from ‘the legal 
and it wi was as an engineer that he was known. 
; aa From 1881 to 1884, Mr. Tripp w: was ‘employed a as Assistant Engineer 0 on the 
‘Bangor and Katahdin Iron Works ‘Railway, and the Bangor and 
~ Railroad. | Both these roads are now part of the Bangor and Aroostook Sys- 


= In a, he opened | an office : at Rockland, Me., for the general practice of : 
if of and fifteen months of the years 1898 and 1899 spent as Assistant 
Engineer in the Sewer Department a at Arlington, Mass., he was located at 
_ Rockland. During this | period, he served for several terms as City Engineer. a 
- oe He \ was an assiduous reader, with a taste for literature and history as well 
as science. He was very observant and this, coupled wic:t the fact that he made 
2 a record of his observations and the happenings | of the day, gradually made his 
office a treasure pe house ¢ of accurate information on local history. 
- oF a Mr. Tripp wa was a member of the Knox County Bar Association a and, for 
several ‘years, had served it it most efficiently as Treasurer and Librarian. 
was a member of the Congregational Chureh.— _He was a Scottish Rite 


He suddenly of heart: failure in the Houston-Tuttle Book Store in 


Rockland, while browsing, as was so often his custom, among the new books. 
y _ For several years Mr. Tripp had been in ill health and none realized as well 


he, how near death hovered. Nevertheless, he continued his work up 
the day ‘preceding his death. He was | unmarried, | and his nearest surviving 


relative i is a niece, Mrs. Flora ‘T. Cooper, of Portland, Ore. 
_ Mr. elected an Associate Member of ‘the American of 


John Michael Lally was Send in Lockport, N. Y., on July 22, 1865. 5. His 


Michael and Elizabeth Lally, later moved to Detroit, -Mich., , where 

Mr Lally’s first professional work was with his father’s’ construction com- 
as the ‘McRae, Lally and Sons ‘Company. He was associated with 


= company in various capacities ranging from Instrumentman to Super- 


intendent of Construction. . From 1881 to 1893, he was in charge of construc: 
tion for ‘the ‘Michigan Central, the Pere Marquette, and other railroad 


gilts! as well as water-works, docks, and dredging on various projects, 
Michigan, Wisconsin, Pennsylvania, and New York. 


From 1893 to 1894, he was ( Chief of Party in dintge: of a preliminary survey 


1% 
and estimates for a railroad San Salvador to in Central 
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‘MEMOIR OF HOWARD AUGUSTUS SHERIDAN 


at Sault Mich., for Michigan Central Railroad Company, a 
10-n -mile extension of the Chicago Stockyards, track operation improve- 
ments in the v vicinity of Detroit. During this same period, he 2 placed 25 miles 
of railroad lines od the Hocking Valley Railway Company i in J ackson, Mich., aN 


in Southern Sew ‘York; also, 11 miles of double track on the ‘New 


where had charge | of the territory N. to ‘Tona- 


“year he was Superintendent i in n Charge of on 1 the Electric Zone. 
During the period of Federal Control, he was attached to the Corporate _ 

& Organization of the » System’ 8 various lines, inspecting and reporting on their Po 
condition. — After the World War, and previous to his death, he was Assistant — ; 
“Engineer on the staff of the late George Alec Harwood, M. Am. Soe. ©. E., 


at that time Vice-F President i in ‘Charge | of of Improvements ar and 1d Development of ~ i 


Lally was a man of sterling character, and exceptional ability | as 
Construction Engineer. All his life he had charge of ‘large construction — 


work with an organization n of loyal men, ‘His ability for keeping the good 
| will and confidence of the men) who worked for him, helped him to secure 


_ excellent results in his work. Many younger men who received their expe- ig 


Tience under his direction remember him with gratitude a and respect for the 
Patient and kindly help which he was always ready to give them. 
_ Death came suddenly from.heart disease at his home, in Yonkers, ¥. 


‘The funeral services were held in St. Denis Church, Yonkers, with the Rev- 

erend J oseph Cameron, of Rochester, N. Y., the Reverend Ignatius Cameron, = 
of Geneva, brothers of the deceased, and the Reverend J 
‘Doris, of Yonkers, officiating. Burial w was i in Detroit. He i is survived by his 
wife, Mary | C. Lally, and by three brothers and two sisters living in Detroit. 

Mr I Lally was elected an Affiliate of the An American Society of (Civil Engi- 


HOWARD ! AUGUSTUS SHERIDAN, Jun. Am. Soe. C. 


Ho 
1900. In 1906, his parents to Toronto, Ont. 


: 
3 
4 
€ § General Superintendent in charge of construction of miles of railroad 
m : for the J. G. White Company, General Contractors, from Raleigh to Wash- _ 
ington and Newberne, N. C., which position he retained until 1909. 
or oe From 1909 until his death, he was in charge of construction and engineer- — 
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[Memoirs. 

the Clinton Street School, until 1910, when his family their 
_ residence to Buffalo, N. % ‘He was graduated from the Public Schools, aaa 
: entered Lafayette High | School at the age of twelve years. "i In his J unior 
his father moved to a fruit farm in New York State, and the boy 
to the Lockport, N. High School, which he was graduated 


at the age of of ‘sixteen ye years. . He helped on the farm until the following 
summer, when he attempted to enlist at Buffalo, but was - rejected because of 


Mr. Sheridan then enrolled i in the Reserve Officers Training Corps, at Ann 
Arbor, Mich., and on its disbandment, returned to. Buffalo, where he took a 
- business course at the Bryant and Stratten College. In 1920, he re-entered 


_ the University of f Michigan, which he left the following year in order that he 

might teach school | at Niagara Falls, N. Y., but he returned ‘again to Ann 

i Arbor i in 1923. During his attendance at the University, he was prominent in 

. ae activities, having | been a member of Web and Flange (Honorary Civil 

Engineering Society), Tau Beta. ‘Pi, and the Student Chapter of the Society, 

of which he was President. He was graduated in 1925, with honors and a 

eS Immediately after his graduation, Mr. Sheridan entered the employ of the 

F. R. Patterson Construction Company, of Detroit, Mich. A few months later, 

; 7 he transferred to the Gannett, Seelye, and Fleming Company, at Harrisburg, 

Pa., where he ‘remained the spring of 1926, when he returned to the 

R. Patterson Construction Company to serve as Engineer on the Fordson 

High | School Building. - From December, 1926, until the time a 

he was Assistant General Superintendent of the Patterson Company. 

me 0h He was killed on August 2, 1927, while on his way to work, when his car 

struck | by a train Lat Dearborn, Mich. Aad 

ut Mr. Sheridan proved himself a capable and efficient engineer, and while 

serving Assistant General Superintendent for the F. R. Patterson Con- 

- struetion Company he showed considerable able ability « as a construction organizer. 

. at ‘Mr. Sheridan was elected a Junior of the American Society of Civil Engi- 
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